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CHAPTER XV 

TECHNOLOGY OF MANUFACTURED OILS, FATS, AND WAXES — 
TECHNICAL AND COMMERCIAL EXAMINATION OF THE 
PRODUCTS OF THE OIL, FAT, AND WAX INDUSTRIES. 

I. Technology of Oils and Fats 1 

SYNTHETICAL FATS 

The “ biochemical ” synthesis of oils and fats, although carried out by 
nature on an enormous scale, with the aid of water, from the lowest 
carbon derivatives, such as carbon dioxide, aldehyde, etc., does not 
yet fall within the purview of manufacturing operations. Since the 
supply of natural oils and fats is well-nigh inexhaustible, their technical 
preparation by synthetical methods has no practical importance, except 
in the case of acetin, the triglyceride of acetic acid (see below). 

The synthetical methods for preparing triglycerides— including 
those for mono- and di-glycerides — have been described in Chapter I. 
As the raw materials used in all synthetical methods are the proxi- 
mate constituents which glycerides yield on hydrolysis, strictly speaking 
these methods cannot be termed synthetical ones, as the starting 
material is actually the product which it is desired ultimately to obtain. 
Hence all these syntheses, important though they may be when working 
on a laboratory scale, do not deserve further attention from a techno- 
logical point of view, although they may find a use on a large scale 
in converting the free fatty acids in an oil or fat into neutral glycerides. 
For this purpose are employed such methods as heating with glycerin 
to ?20° C. under reduced pressure, 2 the action of the Twitchell reagent 
on a mixture of fatty acids and glycerin, 3 or the action, of enzymes. 

1 Cp. Lewkowitsch, “ Problems in the Fat Industry,” Journ. Soc. Ckem. hid 1903, 
592. 

a Botlucei, daz. chim. ital., 1912, ii. 283. Cp. also Bellncci and Manzetti, Atti It* 
Accfid. d. Lintvi , 1911, i. 125 ; Giajioli, Sue. chim. ital., April 1911. 

* Krause, Jourw Chan. Ind., 1911, 633 ; 1 wanow, Bcrichte d. Deutscli. liotan. 
Gel, 1911, 595. 
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2 TECHNOLOGY OF MANUFACTURED 01 Hi, FATS, AND WAXES oh. 

Greater interest would attach to them if ( were possible to prepare 
fatty acids synthetically from a different raw matepal, such as the 
hydrocarbons which are found in abundant quantities in natural 
petroleum. The problem would then resolve itself into converting 
a CH 3 group of hydrocarbons, of a boiling point in the Neighbourhood 
of 300° C., into the carboxyl group. The introduction of halogen 
into aliphatic hydrocarbons has been patented. 1 ^Some promising 
attempts seem to have been made by the application of Grignard’s 
reaction (conversion of hydrocarbons by means of metallic magnesium 
into metallo- organic compounds and subsequent treatment of the 
latter with carbonic acid). 2 For a consideration of the action of 
Grignard’s reagent on esters and dibasic acids cp. Hewitt and Steinberg . 3 
Zelinsky 4 has indeed succeeded in syuthesising acids containing up to 
ten atoms of carbon in the molecule, and in preparing a di- and a tri-octin 
from an acid of the formula C 8 I1 14 0 2 , by heating it with glycerol to 250° C. 
Tt should, however, be remembered that acids with more than ten 
atoms of carbon show an essentially different behaviour in chemical 
reactions from that of the lower fatty acids. 

Attempts have also been made to convert the petroleum hydro- 
carbons into alcohols which on treatment with soda lime would yield 
fatty acids. 5 By the oxidation of petroleums by EtarcVs method 6 and 
subsequent treatment of the product of reaction with sodium bisulphite 
solution, Schulz 7 obtained only about 5 per cent of bodies which combine 
with the bisulphite. On oxidation with nitric acid these bodies yielded 
non-crystallisable compounds having an acid reaction. Liebermann 
and Zsuffa 8 attempt to convert aromatic hydrocarbons into carboxylic 
acids by the action of oxal chloride. 

The preparation of glycerides from acids derived from hydrocarbons 
by Grignard’s reaction must not be confounded with the production of 
glycerides from naphthenic acids, for these acids are found as such ready 
formed in petroleum. Moreover, the glycerides obtained from naph- 
thenic acids exhibit a totally different behaviour from that of the 
naturally formed glycerides, the most characteristic difference being 
that they are heavier than water, having the specific gravity of 1-008 
at 15° C. The use of naphthenic acids and their glycerides for the 
preparation of india-rubber substitutes and plastic masses has been 
patented by Chercheffsky . 9 The acids themselves also differ totally 
from the ordinary fatty acids containing the same number of carbon 

1 Badisoho Anilin u. Soda Fahrik, English patent 5126, 1912 ; 1’1'eifer and Kzarvasy, 
United States patent 1,012,149 ; Oreehoff and Konowaloff, Berichte , 1912, 861. 

2 Cp. Si mon is and lvirsehten, Ilerichte , 1912, 568 ; Hibbert, Proc. Chan. Sue., 1912, 

15 ; ZarewitinoH', Ilerichte. \ 1912, 2284. ^ 

2 Proc. Oh f at . Soc ., 1912, 140. 

4 B9ciclite, 1902, 2687. Cp. also Jonrn. Jtuss. Phys . ('hem. (ten., 1909 ; Chem. Xeit. 
llep!, 1909, 621. 

B Bjelouss, Ilerichte , 1912, 627. 

« Ann. Ohim. Phys., 1881. 218. 

7 Petmleum, 1910, 189. • 

* Berichte , 1911, 208. Cp. also Standinger, Ilerichte , 1908, 3558, 1909, 3485, #966 ; 
Ullmann, French patent 418,088. * 

H German patent 228,858. 
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atoms in the molecule, slice it is extremely probable that natural oils 
and fats are built up from carbohydrates (cp. Vol. I. 1), attempts have 
been made to prepare synthetic fats from glucose by the aldol reaction. 1 

Bellucci states that by heating cetyl alcohol with stearic acid in 
equimolecular ^portions at 220° C. in a current of carbon dioxide for two 
hours, 95 per cent of the theoretical yield of cetyl stearate is obtained. 2 


Acetine 

Acetine is used as a solvent (possessing certain advantages over 
other r sol vents, such as alcohol, etc.) for indulin and other colouring 
matters employed by the calico printer as steam colours. 

More recently it has been employed as an adulterant of peppermint 
oil and other ethereal oils, and for gelatinising acetyl cellulose. 

Commercial “ acetine ” is prepared by heating together glycerin 
and glacial acetic acid (Vol. I. Chap. I.). 

As Geitel 3 has shown, there are always formed simultaneously 
triacetin, diacetin, and monoacetin in varying quantities, depending 
on the special condition of each experiment, whilst a certain amount of 
glycerol remains unchanged. Furthermore, the several acetins react 
with glycerol to form products of condensation, such as monoacetyl- 
diglycerol 

C 3 H 5 . (OH), 0 - C 3 H 5 . (O . C 2 H a O) . OH, 
and diacetyldiglyoid 

0 

/ 

C a H 5 . (() . 0,11., 0) . C 3 lf 6 . (O . C,H a O), 

b 

and triacetyldiglycerol 

C a H, . (0 . 0 2 II 3 ( )),C a H 5 (OC 2 H 3 0) . OH. 



0 


For purposes of practical analysis, however, it may be assumed that 
commercial acetine consists of a mixture of diacetin and triacetin. 
Besides these, the commercial preparations contain free acetic acid and 
water. 

‘ # Cp. # Perk in, Jouni. $<«'. Chern. I mi, 1912, 62H ; cp. also Franke and YVozelka, 
Motytsh, /. Chew.., 1912, 349 ; Buchner and Meisenlieimer, Berichte , 1908, 1410 
3 Chan. Ze.it. y 1911, 669. 

:l Journ.f. prakt. Chcm. y 1897 (55), 428. 
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The proportions of diacetin and triacetii are found by estimating, 
on the o^je hand, the combined acetic acid, and, on«the other hand, 
the glycerol by the acetin process (Vol. I. Chape VI.). The analysis 
is carried out as follows : — ^ 

An accurately weighed quantity of the sample is neutralised with 
half-normal aqueous potash, using phenolphthalein as an indicator. 
Thus the free acetic acid is obtained. Then run into the neutralised 
solution a measured quantity of caustic soda of 1*1 specific gravity, 
the strength of which is ascertained by titrating with half-normal 
hydrochloric acid, and boil for half an hour, whereby the diacetin and 
triacetin are saponified, the liberated acetic acid combining with the 
caustic soda. After titrating back the excess of caustic soda with 
half-normal hydrochloric acid, the number of c.c. of half-normal caustic 
soda used for 1 grm. of substance is found. 

A fresh quantity — about 1*5 to 2 grms. — of the sample is then 
weighed off accurately and the glycerol determined as described (Vol. I. 
Chap. VI.). The proportion of water is found by difference. 

Suppose 1 grm. of the sample required 2 c.c. of half-normal caustic 
soda for neutralisation, then the sample contains 2 * <?1 -6 per cent 
of free acetic acid. Let the number of c.c. of half-normal caustic soda 
required to neutralise the acetic, acid formed on saponifying (combined 
acetic acid) in one gram be 20 c.c., and the percentage of glycerol found 
be 33*3 per cent. It is convenient to calculate the combined acetic 
acid to C 2 H 2 0 (42), as the sum of the percentages of C 2 II 2 0 and of 
glycerol equals the sum of the diacetin and triacetin in the sample. The 
proportion of combined C 2 II 2 0 is 20 x 2*1 = 42 per cent. Let x and y 
be the percentages of diacetin and triacetin respectively, then we 
have 

x + y = 42 -I- 33*3 = 75-3 .... (1). 


One molecule of diacetin, or 176 parts, yields 92 parts of glycerol ; 
one molecule of triacetin, or 218 parts, also yields 92 parts of glycerol ; 
hence 


92x 92*/ 
176 + 218 


-33-3 . 


. ( 2 ). 


From equations (1) and (2) we find x=-- 15*18 and y- 60*12. The 
sample has, therefore, the following composition : — 


Triacetin 
Diacetin 
Aq^tic acid . 
m Water (by difference) 


60-12 per cent. 

15-18 „ „ 

6-00 „ „ 

18-70 „ „ 


100-00 


1 Acetic acid C 2 H 4 0 2 = 60. 
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EXTENT OF OIL AND FAT INDUSTRIES 

The raw Aiaterials of the oil and fat industries are furnished by 
the oils and f*ts, which have been described in the preceding chapter. 
The extent and #mportance of the industries with which we shall deal 
in this chapter and the next may be gathered from the following 
statistical data ; those referring to the trade of this country may be 
considered as being fairly complete : — 


[Table 
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Impor^ of Seeds and Oils into France (in Metric Tons) 


• 

1907. 

1908. 

| 1911. 

1912. 

’ 

19 la. 

Linseed 

189,001) 

181,001 

1,191,175 

1,519,047 

2,514,010 

Rape seed, Indian . 

(50,530 

30,232 


... 


,, European 

137 

220 




Navettes 

217 

12 

8,000 

40,300 

12,923 

Cotton seed .... 

38,548 

34,101 

310,353 

373,405 

185,870 

Hedge mustard seed 

485 

228 




Sosam6 ...... 

08,502 

51,234 

1,020*108 

213,817 

278,100 

Poppy sceU .... 

20,248 

21,270 

380 



Copra 

07,277 

152,104 

; 1,923,400 

1,000,718 

1,223,599 

Arachis nuts .... 

103,241 

154,114 

2,228,471 

2,200,008 i 

2,034,095 

„ decortieatod 

117,404 

84,807 

2,190,057 

2,598,150 i 

2,080,783 

Linseed oil 

893 

920 

28,755 

29,200 

32,329 

Rape oil 

19 

17 



i 

Cotton seed oil 

34,059 

40,750 

114,131 

150,009 

120,272 

Olive oil 

21,350 

30,581 

232,023 

537,381 

238,558 

Palm oil 

10,087 

17,841 

220,400 

| 210,220 

212,831 

Cocoa nut oil . 

2,910 

3,517 

10,008 

30,873 | 

39,241 

Arachis oil 

825 

111 

073 

2,910 

! 4,807 


Exports of Seeds and Oils from France (in Metric Tons) 



1907. 

1908. 

1911. 

1912. 

1918. 

Linseed 

5,474 

4,742 

141,394 

100,112 

113,023 

Rape seed .... 

3,537 

2,240 

... 



Poppy seed .... 

315 

41 

5,001 

953 

1,047 

Sesame seed .... 

1,031 

3,459 

08,043 

31,629 

75,917 

Arachis nuts .... 

8,955 

10,584 

205,961 

176,603 

236,228 

„ decorticated 

7,040 

5,558 

435,462 

201,829 

326,726 

Linseed oil 

4,144 

2,550 

88,854 

57,577 

52,813 

Rape oil 

2,301 

1,548 




Cotton seed oil . 

2,001 

2,495 

27,962 

27,745 

38,663 

Poppy seed oil ... 

Palm oil 

298 

381 

9,475 

5,404 j 

4,776 

291 

650 

46,252 

28,228 ! 

19,324 

Olivo oil 



167,428 j 
467,601 1 

220,194 ! 

222,094 

Cocoa nut oil . 

14,568 

22,724 

114,691 ; 

108,022 

Sesam6 oil ... . . j 

11,895 

6,252 

135,969 

206,650 

81), 446 i 

62,822 

Arachis oil . . . . ! 

1 

6,200 

6,457 

209,452 j 

269,979 



Imports of Seeds and Vegetable Oils and Fats into Germany (in Metric Hundredweights) 
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Exports of Seeds and Vegetable Oils from Germany (in Metric Hundredweights) 


IMPORTS AND EXPORTS OF GERMANY 
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Imports of axes into Germany (in Metric Hundredweights) 


1907. 1908. 


1910. ! 1911. , 191-2, 1013. 


i I | 

Vegetable waxes , # . 5,945 j 7,409 9,805 : 9,064 8,950 ! 5,099 5,852 j 

Beeswax .... 18,252 18,029 18,248 | 21,042 20,008 29,993 29,535 j 

Spermaceti . . . 143 204 212 , 179 227 290 221 I 


Exports of Waxes from Germany (in Metric Hundred, weights) 

j 1907. 1908, : 1909. . 1910. ; 1911, 1912. 1914. 

i'li 

Vegetable waxes . . ' ... ... ; 255 325 : 4,317 3,884 ! 3,999 

Beeswax .... 5,800 4,275 j 4,805 5,080 10,305 14,532 10,888 

| Spermaceti ... 13 2 2 4 j 5 7 4 

A convenient classification of the oil and fat industries may be 
arranged under the following three heads : - 

A. -Industries having for their object the refining of oils 

AND FATS AND T1IE1R APPLICATION TO COMMERCIAL USES. 

13 . — Industries in which the glycerides undergo a chemical 

CHANGE, BUT ARE NOT SAPONIFIED. 

C. — Industries based on the saponification of oils and fats. 

The industries dealing with waste oils, fats, and waxes will be con- 
sidered in Chapter XVI., although the operations practised in these 
industries fall under one or more of the three foregoing headings. 


A. INDUSTRIES HAVING FOR THEIR OBJECT THE REFINING 
OF OILS AND FATS AND THEIR APPLICATION TO COM- 
MERCIAL USES. 

The general methods of refining and bleaching have been outlined 
already in Chapter XIII. Those methods which apply to individual 
oils ^nd fats have been considered in the foregoing chapter under the* 
separate heading of each oil and fat which is purified on a commercial 
scale. The method of refining, and the degree to which it is carried, 
VOL. Ill c 
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depend, of course, oil the purpose which the oils and fats are intended 
to serve. Therefore, the methods must be adapted each individual 
case, as<ias been pointed out already. 


I.— EDIBLE OILS AND FATS* 

Oils and fats which are intended to serve as food are chiefly purified 
by physical methods. Chemicals involving the use of mineral acids 
must be altogether excluded from the purview of the refiner, since the 
mineral acids, however carefully they may be removed by subsequent 
washing, impart an objectionable flavour to the products treated, thus 
rendering these useless for edible purposes. Alkalis or alkaline earths 
are not so objectionable, and are therefore used commercially for the 
removal of free fatty acids. A notable example of this kind is furnished 
by the usual method of refining cotton seed oil. The alkalis and 
alkaline salts chiefly employed in practice are caustic soda, sodium 
carbonate, lime, and magnesia. Baryta has also been proposed (and 
patented), but its poisonous properties would prohibit its use. 

As other neutralising agents there have been proposed ammonia 1 
and also sodium silicate . 2 

In the case of alkaline salts the stoichiometrically calculated quan- 
tities do not suffice to convert the free fatty acids completely into soaps, 
a considerable excess of alkaline salts being necessary to effect complete 
neutralisation. Frequently extremely persistent emulsions are formed, 
the successful “ breaking ” of which requires great circumspection and 
experience. No general rule can be laid down, different oils and fats 
demanding dilferent treatment. Frequently the application of heat or 
addition of salt leads to the breaking up of the emulsion, but in either 
case only the observation of the minutest details will assure success. 
The “ breaking ” of the emulsion is also stated to be effected by treating 
the mass for a short time under steam pressure, after having admixed 
some carbon or fuller’s earth or “ infusorial earth ” to counteract the 
detrimental action of air, heat, and pressure . 3 

The neutralisation of the free fatty acids by means of an alcoholic 
solution of caustic potash and subsequent removal of the soap formed 
by washing the oil with alcohol has been described by Hermann . 4 

If lime is used the emulsion is sometimes so persistent that the whole 
mass must be evaporated down in vacuo, when the lime soap, on 
becoming anhydrous, separates out in granular form, so that it can 
easily be removed from the oil by decantation or, better still, by filtra- 
• 

1 P. Piek, German patent 166,806. 

• 2 Godard, English patent 22,085, 1903. 

3 Fresenius, French patent 325,768 ; English patent 19,171, 1902; German patent 
143,946. In a second patent (French patent 354,810, 1905) the pressure is reduced to 
1£ atmosphere, the temperature is kept at 85 G, and the pressure is produced by an 

* indifferent gas, carbonic acid, or nitrogen (cp. English patent 9105, 1893). •Thus a 
“ preservative ” like char, etc., is said to be no longer required. 

4 French patent 348,010. 
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tion. 1 * No excess of lime must be used, or saponification or tno neutral 
fat may occur.® It is, however, stated by Jusnen 3 that if the fats are 
treated at about 1QP° C. with dilute milk of lime, finely pulverised by 
means of a Jteam injector, the free fatty acids only are acted upon 
without saponification of the neutral fat taking place. It has been 
further stated that utider these conditions the combination of lime with 
fatty acids takes place with the theoretically required quantity of lime. 

Neutralisation by means of magnesia has been proposed by Jeserich 
and, Meinert-Bunau? This process gives useful results in certain cases 
(see “ Vegetable Butters,” below). 

It cannot be stated too emphatically that it is not possible to pro- 
pound general methods which are adaptable to all cases, and that the 
art of the refiner consists in choosing those conditions which are found 
by careful experiment to be the most suitable in each individual case. 
Since most of the processes mentioned above have been worked out 
chiefly for cocoa nut oil (see below), the very large number of publications 
claiming to effect successfully tbe complete de-acidification of oils and 
fats must be read with due reserve. 

The production of edible fats of tallow-like consistence from cotton 
seed oil, maize oil, soya bean oil, and the like by a process of hydro- 
genation in the presence of a metallic catalyst has already been com- 
menced. 4 The hardening of whale oil for the purposes of margarine 
making is taking place in Germany, where, however, medical opinion 
is strongly against its use 5 (see below, p. 116). In this connection it 
may be noted that fats of a very high melting point are not com- 
pletely digested. In cases where hardened fat is suspected, the ash 
must be carefully examined for traces of the metallic catalyst (cp. 
Vol. I. p. 292). 

The physical methods imply, in the first instance, boiling with water, 
or treating with a current of finely divided steam, whereby volatile 
substances, which impart to the oils and fats an unpleasant taste or 
odour, are removed. This process is technically known as “ deodorisa- 
tion,” and was already applied in 1814. 

The application of steam for deodorising was a distinct improve- 
ment on the process of heating the oils and fats to a high temperature, 
a method which appears to have been proposed first by Dubrunfaut , 
and has been recently repatented for the deodorisation of fish oils. 6 
Later Dubrunfaut himself recommended a current of steam to drive off 
the volatile fatty acids, and since the middle of the last century steam 
has been frequently employed (and patented) for this purpose, the 
steam being used either at low pressure or at high pressure, or at low 
pressure and in vacuo, 7 and as superheated steam. 

1 Ruffin, French patent 253,417 ; German patent 90,521, 1897. Soc. anonym^ lies 
Snvonneries de la Miiditerranee, French patent 327,581. 

M German patent 125,993. 

3 German patent 19,819, 1882. Chcvreul used sub-carbonate of magnesia in 1813. 

4 D^veaux, Freucli patent 158,611. * 

$ ^p. Bcihfh, Seifensiederzeit, 1912, 1078. 

6 E. Bohm, English patent 7901, 1906 (cp, Vol. II. p. 409). 

7 Schlinek, United States patent 653,041 ; Petty, English patent 16,954, 1892. 
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A process for the deodorisation of oils by directing a current of the 
atomised^oil against a blast of air lias been patented. 1 • 

Since in the hot state oils and fats are especially liable to oxidation 
and hence to rancidity, recourse has frequently been had tfc the exclusion 
of air and its substitution by an indifferent gas. 2 

The deodorised oil or fat is allowed to rest for ^pme time so that 
any occluded water may separate out. It is then filtered in order to 
remove the last traces of water and suspended matter. If it be required 
to remove small amounts of colouring matter, the materials are treated 
with charcoal or fuller’s earth or hydrosilicate (“ decolorised ”) and 
filtered through a filter-press. 

For further information the patent specifications referred to in the 
footnote may be consulted 3 (cp. also p. 51). • 

Animal fats intended for edible purposes should be rendered from 
the tissue before it has had time to putrefy as the decaying tissue gives 
rise to ptomaines. 4 The same remark applies to vegetable oils which 
can acquire poisonous properties if left in contact with mouldy seed. 


1 . EDIBLE OILS, SALAD OILS, SWEET OILS 

French — IJuiles it bouche , Huiles comestibles , Huiles de table. 

German — Tafelole, Speiseble. Italian — Olii da tavola. 

Most of the vegetable cold-drawn oils, if prepared from fresh seeds 
or fruits, are suitable for edible purposes, as also for the preservation of 
food-stuffs (e.g. olive oil in the sardine tinning industry). Hence, 
practically every vegetable oil, with the exception of those containing 
toxic substances (cp. tung oil, candle nut oil, calophyllum oil, castor oil, 
c ureas oil, croton oil, and also the oils from Byronia dioica and Cylisus 
laburnum , and the oils belonging to the chaulmoogra group) or un- 
pleasant ethereal oils like mace butter, may be, and indeed is so em- 
ployed, as has been pointed out already in Chapter XIV. Naturally, 
much depends on the demand made as to palatableness by the population 
in the various countries of the world. Thus, whereas rape oil and 
linseed oil find a ready market for edible purposes in India, these oils 
are at present only used in exceptional cases as table oils in Western 
Europe. They are replaced in richer countries by cotton seed oil, 
sesame oil, arachis oil, poppy seed oil, and olive oil. 

In the manufacture of edible oils the chief attention must be devoted 
to the removal of free fatty acids. For this purpose alkalis and alkaline 
earths are almost exclusively used. Conjointly with the free fatty acids 

1 Casamajor, French patent 384,492. 

3 0. D. Abel (from Fabriqnes de prodnits chimiqnes de Thann et de Alnlhouse), 
English patent 9105, 1893 ; French patent 228,475, 1893. 

3 Rocca, English patent 10,899, 1900; German patent 127,492; United States 
patents 699,571,699,572; French patent 325,381; Godard, Belgian patent 163,411, 
* 1902 ; English patents 22,085, 1903 ; 22,086, 1903 ; the corresponding French patents 
338,677 and 338,678 are taken out under the name Soc. anon, des Usines J. E. de 
Bruyn, Termonde, Belgium. 

* Boutoux, Les Matures grasses, 1911, 2160. 
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there are also removed natural impurities, such as mucilaginous and 
albuminoid substances, which are instrumental in bringing about 
hydrolysis (Yol. I. (JJiap. 1.) and thus give rise to the formation of free 
fatty acids ami to rancidity, which follows in the wake of hydrolysis. 

It is of great importance that table oils should not congeal at tem- 
peratures near the freezing point. Olive oil practically fulfils this 
demand, with the exception of some Tunisian olive oils from Sfax, 
Sousse, Mahdia, Monastir (see Vol. II. Chap. XIV.), which must be 
“ demargarinated,” in the same manner as is done in the case of cotton 
seed oil, before they can be placed on the market. 

Arachis oil stands in this respect midway between olive oil and 
cotton seed oil (cp. “ Arachis Oil,” Vol. II.). From cotton seed oil, 
which is at present used in enormous quantities as an edible oil (as also 
for adulterating high-class edible oils), a considerable portion of 
“ stearine ” separates out at a temperature of about 40° F. In order to 
render cotton seed oil suitable for the table, i.e. to produce a “ winter 
oil ” (Vol. II. Chap. XIV.), the “ stearine ” must be removed, or, as 
the technical term runs, the oil must be “ dcniargarinated.” Originally 
the process of demargarination consisted in simply storing the oil in large 
vessels during the winter, when the “ stearine ” settled out as a solid 
mass at the bottom of the vessels, so that the supernatant clear oil, 
freed from most of the stearine, could be drawn off. This process must 
still be employed in the case of arachis oil (Vol. II. Chap. XIV.). Owing 
to the large amount of capital locked up, this process would be too 
expensive for cotton seed oil, enormous quantities of which are required 
by the market. Hence, in modern establishments the oil is refrigerated 
artificially, and the “ stearine ” removed by filtering or pressing (Vol. II. 
Chap. XIV. p. 196). 

In commerce “ edible oil,” or “ table oil,” no longer denotes any 
one oil, unless it be specifically sold as such. It frequently represents 
a “ blend ” of several edible oils, such as cotton seed, sesame, arachis, 
and olive oils. Hence, a blend of the kind just mentioned cannot be 
termed “ adulterated olive oil ” unless it has been sold as olive oil. 
Table oils sold under fancy names are, as a rule, “ blends.” Salad 
oils in Canada containing cotton seed oil must have the presence of that 
ingredient stated on the label. In the United States the term “ salad 
oil ” is held to denote pure olive oil exclusively. 

The examination of the individual oils and the detection of adulter- 
ants has been treated at length in the foregoing chapter (cp. especially 
for organoleptic methods, limpidity, etc., Vol. II. Chap. XIV., Olive oil). 

After the nature of an edible oil has been ascertained (i.e. whether 
free from adulterants, 1 if it be sold as a specific oil), the estimation of 
the free fatty acids is required to complete the examination. 

No rule can be laid down as to what should constitute the, per- 
missible maximum of free fatty acids in a salad oil or culinary oil (for 
frying fish, etc.), the limit naturally depending on the demand made 
as fa) taste and palatableness in the various countries or localities. * 

1 A table oil consisting of a “blend ” of several oils, such as arachis and olive oil, or 
cotton seed and olive oil, is not necessarily an adulterated oil. 
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It may, however, be stated that a perfectly neutral oil has an insipid 
taste, and that therefore an oil must not be judged unsuftable for edible 
purposes for the single reason that it contains about 1 per cent of free 
fatty acids. Edible cotton seed oil being refined by means of alkalis 
or alkaline earths will usually be found to contain much less than 1 per 
cent of free fatty acids. f 

In addition to all chemical tests, even provided they are satis- 
factory, the valuation of an edible oil must be based on its taste. If an 
edible oil be found rancid, it must be condemned as unfit for consump- 
tion. Therefore, the various methods that are being devised with a 
view to determining chemically the “ degree of rancidity ” of edible oils 
appear to the author to be somewhat superfluous. Moreover, it must 
be borne in mind that an unpleasant taste is not always attributable 
to the presence of free fatty acids and their oxidation products, other 
substances which are mostly present in small or even in the minutest 
quantities also imparting an unpleasant flavour to an oil. 

Whereas it is comparatively easy to decide whether an oil is rancid, 
and hence unfit for consumption, the valuation based on the flavour of 
an oil can only be made by one who possesses considerable experience. 
This applies especially to edible olive oils (sec Vol. I. Chap. XT., and 
“ Olive Oil,” Vol. IT. Chap. XIV.), and to edible, arachis, sesame, poppy 
seed, and cotton seed oils. 

Less rigorous demands as regards taste and flavour are made upon 
edible oils which are used for cooking and similar purposes. Thus the 
finest brands of rape oil are extensively used as “ head oils” the slightly 
burning taste, which would render this oil objectionable as a high-class 
table oil, disappearing during the progress of baking. An edible oil 
examined by Rounet 1 consisted of 34 per cent of a mixture of poppy 
and sesame oils with 66 per cent of a mineral oil. 

Diedrichs 2 recommends for the refining of vegetable oils a process 
involving the partial neutralisation of the free fatty acids followed by 
steaming with superheated steam under reduced pressure, and states 
that the oils so treated were much improved in flavour, whereas the oils 
steamed without previous removal of the free fatty acids, although 
deodorised, still retained a bitter after-taste. 

Animal oils are not used alone for edible purposes, although lard 
oil finds a limited outlet in the manufacture of margarine. Hitherto 
it has not been possible to refine fish oils and free them from their 
peculiar fishy odour to such an extent as to render them fit for the 
table. Even for cooking purposes fish oils are not employed, although 
it would seem that, if suitably refined, 3 there should be an outlet for 
them in the sardine tinning trade (where olive oil, arachis oil, and other 
oils arc chiefly used) or for fish-frying purposes, for which cotton seed 
oil (and in France sesame oil) is largely employed. 

Cod liver oil only would seem to fall under this head, although it 
is exclusively used for medicinal purposes. Before the medicip^l cod 

1 Ann. d. fats if., 1 909, 220. 

- Xeits.f. (Inters, d. Nahrys - u. (lenussm., 1912, 208. 

:l (Jp. Lewkowitxch, “ Problems in the Fat Industry,” Jovru. Soc. Chem. lad., 1908. 
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liver oils had reached the excellence they have now acquired in con- 
sequence of the application of modem methods of preparing and refining, 
an attempt was mad^ to improve their taste, or at least to rdhder the 
oil more palatable, by impregnating cod liver oil with carbonic acid. 
The oil was saturated with this gas under pressure, so that as soon as the 
latter was released the oil effervesced. 

The process for preparing such effervescent oils (Frenclr —Huiles 
effervescentes. German --Brausen.de Fette), of which effervescent cod 
liver oil represents a type, has been patented . 1 


2. EDIBLE FATS 

French — Graisses alimeufaires, G misses comestibles. German — 
SpeisefeMc, Kunsts pe isefeile . Italian — Grassi da tavola. 

Many edible fats, such as suet (tallow), lard, butter, cacao butter, 
goose fat, etc., are fit for consumption if prepared with sufficient care, 
and therefore rarely undergo a process of technical purification before 
they are placed on the market. Their preparation has been described 
in the preceding chapter ; here only those edible fats will be considered 
which are produced on a manufacturing scale as substitutes for the 
natural products. These edible fats are artificial mixtures of different 
oils and fats. This applies especially to the first three classes of edible 
fats considered below. 

From a sanitary point of view no objection can be raised against 
the substitution of the cheaper animal or vegetable fats for the more 
expensive ones, as long as these substitutes are sold under their proper 
names, and are not used for fraudulent purposes. It is rather to be 
desired that the industry of fat substitutes should extend further, 
yielding, as it does, cheap, palatable food-stuffs, and thereby tending 
to exclude from consumption the unwholesome fat from diseased 
animals, or at least fats which are prepared under conditions that do 
not satisfy the most rigorous demands as regards cleanliness. 

The enormous strides which this industry has made during the 
last few years have shown that the popular prejudice which at first 
militated against the legitimate expansion of this trade has now been 
overcome. Nay, the excellence of the products has even reacted 
favourably on the antiquated methods of producing lard and butter, 
and has thus helped to introduce much needed improvement in the 
preparation of these food-stuffs.' 

The quality of an edible fat, irrespective of the nature of its com- 
ponents, depends in a great measure, if not solely, on its palatableness. 
Some writers are of the opinion that an edible fat should be declared 
unsuitable for consumption if its free fatty acids exceed a certain 
percentage, but any such rule must appear an arbitrary one. Although 
the determination of the amount of free fatty acids should not be • 

1 Chemisette Fabrik Helfeuberg, German patent 109,446, 1899 ; J. Barclay, English 
patent 11,410, 1902. 
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omitted, yet the valuation of an edible fat cannot be based on the 
amount of the free fatty acids it contains. Taste atone must decide 
whether the amount of free fatty acids is excessivg. 

The question as to the digestibility of an edible fJt hardly falls 
within the province of a chemist ; still, it may be pointed out that 
J. Konig 1 takes objection to A. Mayer’s 2 and A. Jolles* 3 statements 
that margarine is just as easily digested as is butter fat, and that both 
fats have the same nutritive value. Although Konig’ s opinion is 
being contested by Luhrig 4 on the strength of a physiological experi- 
ment, it has been shown by prolonged observations (Leffmann 5 ) that 
the substitution of butter in the diet by margarine resulted in a greatly 
diminished 6 consumption of fat. 

The author subdivides the edible fats into the following four 
groups : — 

(1) Suet Substitutes. 

(2) Butter Substitutes. 

(3) Lard Substitutes. 

(4) Cacao Butter Substitutes, Chocolate Fats. 


(1) Suet Substitutes 

French —Succ&lanes <ht suif. C orman— Prd pa fierier Talg, Bmienfette. 

Under the names “ beef-lard/’ “ lard-beef,' 5 “ lardeen,” etc., a 
number of cooking fats arc sold as substitutes for “ suet 55 or “ dripping. 55 
They consist, as a rule, of a mixture of suet (tallow) and cotton seed 
oil or cotton seed stearine, and are prepared by simply intermixing the 
melted ingredients in a mixing machine and stirring until the material 
has acquired, by spontaneous cooling, a salve-like consistence. 

A mixture of beef stearine and cotton seed oil (20 parts of beef 
stearine and 80 parts of cotton seed oil) can also be prepared on “ lard 
coolers,” the mixture being brought to a temperature slightly above 
the crystallising point of the stearine. In this case (as also in the case 
of compound lards) it is important to avoid the product becoming 
unctuous and semi-transparent, which would indicate that the mixture 
will separate in course of time by a kind of liquation process into oil and 
stearine. 

According to the prices ruling in the market for cotton seed oil, 
its proportion in the final product varies. If the amount of cotton seed 
oil be large, tallow of a high titer test, or even beef stearine, must be 
employed. The natural yellow colour or cotton seed oil imparts to the 
mixture the desired coloration. 

• 

1 Die niense.hl ieJien Nahrgs- u. Genussm. , 2nd ed. 2, 306. 

2 Landw. Vermchst. 29, 215. 

3 Milch-Zeitung, 1894, 670. “Uber Margarine” (pamphlet), Bonn, 1895 # 

* 4 Zcits. f. Unters. d. Nahrgs- u. Genussm ., 1899, 484, 622, 769 ; 1900, 73. # 

r ’ Second Annual Report of the Dairy and Food Commissioner of Pennsylvania. Cp. 
also B. Fisher, Wagner's Jahrbuch, 1898, 970. 

" Cp. also H. Kayser, Zeiis. f. affent. Chan., 1899, 101. 
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If it be required to ascertain the amount of cotton seed oil, the 
determination ofHhe iodine value will give the readiest answer. 

On the Continent^ similar cooking fat is being sold under fflie name 
“ Schmclzmarg^irine ” (cp. “ Schmelzbutter,” Yol. II. Chap. XIV.), 
this being the fatty matter obtained on melting margarine and separating 
it from water after allowing the latter to settle out (cp. also “ Lard 
Substitutes,” p. 52?). For the production of such “ Schmelzmargarine,” 
which is usually free from water and casein, lower qualities of material 
may be employed as the fats are used exclusively for cooking. 1 Stadley 
protects 2 an edible fat consisting of butter, veal fat, lard, mutton fat, 
beef fat, sesame and cotton seed oils. 

During recent years, when the price of edible tallow was high, 
frequent attempts were made to refine lower qualities of tallow by 
removing the free fatty acids and, to some extent, the “ tallowy ” 
odour. Since these products possess the natural white colour of tallow, 
they were usually coloured yellow (with regard to the detection and 
identification of colouring matters see Yol. II. Chap. XIV. p. 795). 3 

More recently, suet substitutes consisting of mixtures of tallow 
and cocoa nut oil have been placed on the market. In some parts of 
Germany beef suet substitutes prepared from linseed oil and tallow, 
or linseed oil, tallow, and lard, have been brought into commerce under 
the name of “ linseed oil lard ” (“Leinblschmalz ”). 

A process for deodorising fats intended for edible purposes has been 
patented by Szigetvary and Magyar . 4 


(2) Butter Substitutes 
(a) Margarine, “ Oleomargarine ” 5 

Frenc h — Margarine. German — Margarine, Kuuslbullcr. 

Italian — Burro di margarina. 

The industry of butter substitutes owes its origin to experiments 
(induced by a prize offered by the French Government in 1869) made 
by Mege-Mouries , which were worked out to a manufacturing process 
in Paris in the year 1870. 

The most important conditions to be observed in the margarine 
industry are the employment of the freshest and purest materials and 
the utmost cleanliness in all manufacturing operations. 

Margarine, “ oleomargarine ” (older names partly suppressed by 
legislation are “ butterine,” “Dutch butter”), consists either of a 

1 Strunk, Yeriifientl. a. d. Uebiete. d. Mildur-Sa ti it at sire.se ns, p. 65. 

- English patent 10,429, 1910. , 

3 Cp. also Sprinkmeyer and Wagner, Zells, f. Caters, d. flahrys- a. (Jemima., 1905, 
ix. 598 ; Arnold, ibid., 1905, x. 239 ; Feiidleri Che, ax. Rev., 1905, 208, 236 ; Fritzsche, 
ibid. ; Pqjlatschek, ibid. p. 285; Oampton and Sitnmonds, Journ. Avier. Chem. 8 be.., 
1905,^270 ; Olig and Tillmans, Zeits.f. Caters, d. Nahrys - a. Genussm 1906, xi. 94. 

4 French patent 445,202. 

5 This is the American term for our margarine.” The American equivalent of the 
term oleomargarine as used in this country is “oleo oil ” or “margarine oil.” 
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mixture of animal fata alone or of animal and vegetable oils and fats 
churned with cows’ milk to a butter-like emulsion, and coloured yellow 
(unless forbidden by law) 1 with annatto, methyloi^nge, etc. The cows’ 
milk is sometimes replaced by an emulsion prepared fr8m the kernels 
of almonds 2 or from soya beans, so that it is possible to prepare a 
margarine from vegetable products exclusively. The animal fats used 
are oleomargarine — “ oleo oil ” — and (or) neutral lard (the latter is 
almost exclusively used in the United States). Both ingredients must 
be prepared from the freshest beef fat and (or) hog fat respectively. 

For margarines made exclusively of vegetable fats and oils see below. 

For the production of oleomargarine, the rough fat is removed from 
the slaughtered animal as quickly as possible and brought immediately 
into the works, where it is sorted. The kidney and bowel f^ts are 
selected, then carefully washed with, warm water and thoroughly 
cleansed. The cleansed fat is brought immediately into large, well- 
aired, artificially cooled rooms to dry and harden (being allowed to 
hang there suspended from tin hooks for several hours), or is immersed 
in iced water in order to secure more rapid hardening. The hardened 
fat is then cut up and shredded in a shredding machine, and finally 
ground between rollers. 3 The disintegrated mass is immediately 
introduced into tin-lined, jacketed vessels (melting kettles), and brought 
to a temperature not exceeding 42° C., this temperature being main- 
tained by steam or hot water passing through the jacket. 

At this temperature a portion only of the tallow contained in the 
tissue separates on the top of the comminuted rough fat. The settling 
and clearing is assisted by sprinkling salt over the surface of the melted 
fat. This melted portion, appropriately termed “ premier jus,” is run 
off into shallow tin-lined trays arranged in tiers in a cooled room, when 
the bulk of the “ stearine ” separates out in a crystalline condition. 
The crystallised mass in the tins is cut up into square pieces of about 
3 lbs. weight each, wrapped in canvas cloths, and placed in hydraulic 
or mechanical presses. 

For the best qualities of margarine, the “ premier jus ” is remelted 
at a temperature not exceeding 45° C. and allowed once more to settle 
out, after salt has been added, whereby the last remnants of membrane 
and tissue are precipitated. In large works the clear fat is allowed to 
run into wooden vats, in which it stands for from three to five days at 
a temperature suitable for the crystallisation of the “ stearine.” The 
whole is then stirred up into a homogeneous pulpy mass ; this is wheeled 
in wooden waggons to the presses and treated as described already. 

The oleomargarine, “ oleo oil,” which runs out from the presses, 
forms the chief raw material for the manufacture of margarine. 

The “ stearine,” “ oleostearine,” which remains in the press is used 
in the manufacture of “ lard substitutes,” “ suet substitutes,” for 
“ stiffening ” lard, and even in the production of margarine, replacing 
part of the “ oleo oil ” in case the proportion of the vegetable oils 

• • 

1 Cp. footnote 3, p. 30. 

2 Cp. Li Yu Ying, Belgian patent 231,588. 

:l Cp., e.g ., German patent 200,538 (E. Lange) ; Clinn. ftet'ue., 1909, 39. 
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demands the stiffening of the fat stock. Such addition of heef 
stearine ” must, however, be kept within proper limits, as otherwise 
the resulting margarint* would lack in “ richness ” of taste. # 

In* some works the rough fat from which the “premier jus'” has 
been taken off in the manner described above is heated once more to 
about 50° C., when ^ second portion of fat is recovered. This is sold as 
“ secunda jus,” and is used in the manufacture of inferior kinds of 
margarine (“ secunda ” margarine). “ Secunda premier jus ” is a 
term given by continental makers to tire “ jus ” obtained from caul fat 
(Vol. II. p. 628) ; such makers also term their “ premier jus,” if 
“ sweet,” “ primissima jus.” 

The mode of producing neutral lard has been fully described under 
“ Lard ” # (Vol. II. p. 690). 

Amongst the vegetable oils, cotton seed oil and cotton seed stearine, 
sesame oil, arachis oil, and even soya bean oil take the most prominent 
place. According to the intended quality of the margarine the quality 
of the cotton oil used varies. In any case the cotton seed oil must, be 
practically devoid of free fatty acids, and rendered as free as possible 
from the peculiar flavour characteristic of this oil. The best brand of 
cotton seed oil used for margarine making is known under the name 
“ butter oil.” Arachis oil (also olive oil) and sesame oil are used to a 
greater extent in Europe than in the United States. Recently, refined 
cocoa nut oil and palm kernel oil (see (fS)) are being incorporated with 
the fat stock of margarine. 

The oleomargarine, “ oleo oil ” (and neutral lard), is mixed in 
churning machines, at as low a temperature as is consistent with a 
semi-fluid condition, with the vegetable oils and fats, and with milk. 

The quality of the resulting product depends to a great extent on 
the quality of the milk and on its treatment previous to its admixture 
with the fats. The milk may be either sweet milk or sour. Sweet milk 
is more difficult to amalgamate with the oils and fats, and is retained 
with greater difficulty than is soured milk, but the advantage the 
employment of sweet milk offers is that the resulting product has a 
finer taste and keeps better. The soured milk is, however, more easily 
incorporated with the fats and gives a higher yield. The proper treat- 
ment of the milk in the margarine works constitutes one of the most 
important features, just like the corresponding part of the butter- 
making process docs in large dairies. The milk should be worked up 
as soon as possible after arrival. In any case it should be pasteurised 
immediately after its arrival, and no preservatives — not even salt — 
should be used to prevent the fermentation of the milk. 1 Stress must 
be laid on the necessity of working with pure cultures. Although these 
are obtainable of excellent purity in commerce, the propagation (dilu- 
tion) of the starter and the excising of the culture requires careful 
bacteriological supervision. The use of ozone for sterilising milk has 
been patented. 2 Twenty minutes’ heating of the milk to 60° C. is 
• 

1 French edition : For sour milk used in North Germany and Holland T5 to 3 per 
cent of salt is added. 

3 Freund, Chew. ZeU ., 1911, 906. 
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stated to be sufficient to destroy the tubercle bacillus . 1 If the cream 
has not been taken off before the milk reaches the rrfkrgarine works, it 
is removed (for butter making) by means of a c^itrifu^al machine, etc. 
The regular determination of the fat in the milk is necessary, not only 
for the proper control of the works, but also for the further reason that 
it has not infrequently occurred (on the Continent) t]iat too much cream 
is taken off by the seller and replaced by sesame oil, cotton seed oil, or 
even by margarine. Directions as to the proper souring of the milk 
fall outside the scope of this work , 2 although it may be noted here that 
Richmond and lluish 3 state that the organisms which normally cause 
the souring of milk are not those whose normal habitat is milk, and it is 
not improbable that they are of intestinal origin. 

In place of cow’s milk, kephir milk or even kephir fungjis have 
been recommended (and patented 4 ). It is claimed that the mar- 
garine so obtained has a full butter flavour and “ browns ” on being 
heated. 

The churning machines consist of oval jacketed vessels provided 
with one or two sets of stirring and mixing gear. During the process 
of churning a constant temperature must be maintained by moans of 
steam sent through the jacket of the churn. The object of churning, 
besides thoroughly mixing the ingredients, is to destroy the tendency 
of the oleomargarine to crystallise, and to pulverise (“ atomise ”) the 
mixture, as it were, into single globules, such as butter fat forms in milk. 
The art of the margarine maker at this stage of the process consists, 
therefore, in carefully regulating, the inflow of milk and fat stock, so 
that a thorough emulsion is finally obtained. 

First the milk is put lukewarm into the churn and is mixed up with 
a little cream, followed by the addition of butter (if any be added). 
When the mass is properly emulsified , 5 part of the oleomargarine is 
added carefully, and when this has been properly incorporated with 
the emulsion, the oils required for the margarine stock are entered 
gradually, and only then the remaining oleomargarine is mixed in . 6 At 
this stage some manufacturers add colouring matters. The steam is 
then turned off and the warm material is cooled to a definite temperature 
by cold water being sent through the jacket. 

From the churn the cooled margarine is run into cooling tanks, 
which are built up of marble or white tiles or simply consist of large 
wooden tanks. Whilst running out, the margarine is met by a current 
of ice-cold water, delivered under high pressure, in order to pulverise 

1 Holder, Washburn, and Rogers, Report of the Bureau of Animal Industry , 1909, 

187. 

3 Up. Vol. 11., “Butter fat” ; Jensen, Zentrulbl. f. Rakterinl., 1911, (ii. ) 610; 
Eberlein, /cits. /'. an yew. Chem ., 1911, (27) 1282. 

t 3 Analyst, 1*91 2, 168. 

4 Pollatsehek, German patent 140,941, 1902; K. Mann, English patent 15,311, 
1905 ; German patent 179,186, 1904 ; United States patent 880,316. 

c An improved apparatus for ensuring a complete emulsion has been patented by 
W. Fetto, German patents 219,973, 237,737. w 

'* A special modus nperandi for producing a proper emulsion at 18°-20° C. has been 
patented by Pellerin, French patent 361,614, 1905 ; cp. also Blichfeldt, English patents 
4505, 7498, 7499, and 8227, 1912. 
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the mass thoroughly. The disintegrated globules, after solidifying, 
somewhat resembfc butter granules. 1 2 

The cooling of the ^till liquid margarine by running it on to 5 cooled 
table (cp. L. B. Doukers, German patent 101,207) has the serious draw- 
back that the cooled mass is of uneven thickness and hence an unevenly 
cooled product. This drawback is avoided by E. and //. II. Schour 
who cool the margarine in a thin layer of a thickness of about 1 to 1*5 nun. 
between two hollow cylinders which revolve in opposite directions and 
are cooled by a cold brine solution (cp. also “ Lard Coolers/' Vol. IT. 
p. 692). A cooling machine in which the fat is spread in a thin layer 
on a cooled drum has been patented. 3 

A process intended to replace the expensive cooling by iced water 
and consisting in passing the warm margarine into a closed vessel, 
where it is cooled by a current of air, 4 offers some objectionable features, 
and therefore does not appear to have met with favourable reception in 
margarine works. 5 * 

A process for producing fats in the form of powder by incorporating 
with them a malt extract has been patented by Hamburg . 8 

During recent years a large number of patents have been taken for 
“ homogenising 55 or “ atomising ” the mixture of milk and oils and fats 
in special machines. 7 The merit claimed for these machines is that the 
product is more solid and has no “ oily ” but “ rather a nut-like ” taste. 
The important demerit of all these apparatus is, however, that the 
margarine retains more water, and hence the proportion of fat falls 
below 80 per cent. Therefore in those countries where the maximum 
percentage of 16 per cent of water is prescribed by law the sale of such 
margarine, must meet with difficulties. In order to obviate this draw- 
back and at the same time to dispense with the kneading machines, in 
which the excess of milk is removed, Schroetler 8 carries out the blending 
and emulsifying process in three; churning machines arranged one above 
the other and working in conjunction with an “ atomiser.” The 

1 Other arrangements have been patented hy the Altonae.r Margarine Werke, Mohr 
and Co. ; French patents 408,917, 418,809 ; English patent 1227, 1910. 

2 French patent 379,905 ; German patent 197,004. Cp. also Chan. Rente, 1908, 
190, and English patents 5810, 1908 ; 1160, 1909 ; French patent 454,640 ; Belgian 
patent 254,019 (E. V. Seliou). Cp. Flakes, Ltd., vol. iii. ; Rasmussen, German patent 
272,846. 

;l Korsdr, Margarine ftthrik Akt iesel .skavi, English patent 29,564, 1910 ; Jamieson, 
English patent 20,292, 1912; Rasmussen, Euglish patent 29,831, 19l0 ; Christensen 
and Vaug-Lauridsen, English patent. 20,568, 1912. 

4 Scheffel, German patent 116,755 (1899) ; Weber- Lie.l, German patent 240,291 ; 
Schlinck, German patent 257,790. 

5 Cp. N. M. ltisberg, English patent 25,890, 1907 ; German patent 222,529 ; French 
patent 396,450. 

8 English patent 29,481, 1912. 

7 1). F. de Kierzkowski-Steuart, English pateut 27,618, 1904 ; G. Kunio.k, German 
patent 166,935 ; Deutsche Homogenisiernnischineii Gesellschaft, Liibeck, French patent 
354,943; German patent 189,415; W. G. Schroeder, English patent 25,404, 1905; 
German patents 163,372, 204,061, 204,062, 240,874 ; C. Petitpierre, French patent 
353,753 ; fl. Wdvner, German patent 175,381 ; Th. Smith, United States patent 855,071 ; 
J. C. Shears, English patent 12,700, 1906 ; G. Bounet, German patent 168,714, 1906 ; 
Gaulin, English patents 18,249, 1902 ; 22,875, 1903 ; Talausier, United States pateut 
1,042,171 ; Berberieh, French patent 451,028. 

8 German patents 204,061, 204,062. 
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temperatures in the three churns through which the mixture of fai 
and milk passes is regulated carefully so that the completely emulsifie 
contents of the lowest churn can he discharge^ on to a cooled tabk 
where the mass solidifies to a thin layer, which is scraped by a tangent 
ally acting a doctor ” so that the thin solidified film is curled up an 
discharged into a waggon. The ingredients forming the margarine ar 
therefore mixed in the proportion of 80 parts of mixed fats and oile 
16 parts of milk and 4 parts of cream consisting approximately o 
one-third of butter fat. An emulsifying machine, primarily intendec 
for the manufacture of cod liver oil emulsions, has been patented b} 
Boothroyd and Woolliscroft. 1 

The solidified margarine is taken out of the cooling cisterns by 
means of long wooden spoons, placed in wooden waggons (where 
adhering water drains off), and is then carted to large kneading machines. 
These consist of huge, circular, wooden tables, which rotate slowly, 
whilst at the same time a set of conical, fluted, or specially shaped rollers 
move along the top of the revolving tables. The margarine is thus 
thoroughly worked through, and the excess of water squeezed out, so 
that a homogeneous mass results. This is then salted 2 to taste, mixed 
with a little colouring matter (if permitted by law 3 ), and again sub- 
mitted to thorough kneading, in order to produce the required texture 
throughout the whole mass. At this stage also other additions (such as 
sugar, perfumes, etc., see p. 31) are made. The margarine is finally 
moulded into lumps, pats, rolls, or any other desired shape. 4 

A general working recipe for the manufacture of margarine con- 
taining oleomargarine as a preponderant basis is as follows : — Mix 
65 parts of oleomargarine, 20 parts of vegetable oils, and 30 parts of milk. 
The yield is 100 parts of finished product, 15 parts of water being 
el iminated in the course of manufacture. The more milk used, the better 
will be the flavour of the margarine. A mixture of oleo oil, neutral 
lard and cotton seed together with albumin, milk sugar, and soluble salts 
obtained by churning the fat mixture with sterilised whey, has been 
patented by Filbert . 5 

In the following table are given, by way of example, the com- 
ponents of three grades of margarine as manufactured about ten years 
ago in the United States : 6 — 


1 English patent 4623, 1909. 

a In Holland and in Germany 3 per cent of salt is generally added. The lowest 
grades of margarine usually contain the highest amount of salt. The salt is required as 
a preservative, especially in the margarines made with sour milk. 

:i According to Article 2 of the French Law of 15th April 1897, it is forbidden to 
colour margarine. .In the United States also it is illegal to add colouring matters. 

4 Mallinson, English patent 28,077, 1911 ; Downs, English patent 9393, 1911. 

5 United States patent 995,777. 

u Census Bulletin. 


[Table 
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High (i ratio i 

Medium Urade 

t'heap tirade i 


Margarine. 

Margarine, 

Margarine, | 


Parts. 

Parts. 

Parts. 

Oleomargarine, “ Oleo oil ” . 

100 

315 

495 

Neutral lard .... 

130 

500 

205 

Cream 


280 


Butter ..*... 

95 

... 


Cotton seed oil 



315 

Milk 


280 

255 

Salt 

32 

120 

120 

Colouring matter . 

0-5 ( 

, r * ! 

1-25 


357-5 

1490-5 

1451-25 


yielding about j 
‘ v 325 parts of 

yielding from 

i yielding from 


' 1350 to 1380 

1205 to 1300 


“ oleo - mar- . 

parts of “oleo- 

parts of “oleo- 


garine ” 

margarine “ 

margarine ” 


For still lower qualities maize oil is said to be used in the United 
States, but owing to the very pronounced flavour this oil possesses 
it can only be employed for the lowest brands of margarine, as it 
is extremely difficult to remove or to mask the peculiar grainy flavour 
of maize oil. Lard is not used so extensively in Europe as in the United 
States. In this country oleomargarine is prepared exclusively from 
beef fat. Mutton fat, which imparts an unpleasant (“ animal ”) flavour 
to the margarine, is, however, used in continental margarine factories. 
In Russia sunflower oil is used in the manufacture of margarine, and 
mixtures of this oil with cocoa nut oil, butter, and oleomargarine are 
even fraudulently substituted for genuine butter. The use of soya 
bean oil has also been proposed . 1 During the last decade the 
proportion of oleomargarine has been reduced partly for the reason 
that the supply of it has become too restricted to fill the demand. 

Margarines made exclusively from vegetable fats and oils usually 
consist of a basis of cocoa nut or palm kernel oil. 


The object of the margarine maker being to render his product as 
closely similar to butter as possible, and to take away the u tallowy ” 
or too strongly “ oily ” taste of the material, some manufacturers 
(provided the law permits) add butter (cp. the above-given table). 
Others add small quantities of volatile acids or their glycerides , 2 volatile 
aldehydes , 3 mixed glycerides containing butyric acid , 4 such as dibutyro- 
monostearin and dicaprylomonostearin , 5 or “ butter perfumes ” which 
consist chiefly of volatile acids, such as propionic, butyric, caproic. 
Also coumarin (sold as an emulsion with sesame oil), oil of bananas , 6 

1 Korentschewski and Zimmermann, Chew. Zeit. , 1905, 777. • 

2 English patent 15,535, 1893 (Wohlgemuth) ; English patents 15,049, 22,458, 1900 ; 
French patent 279,497 ; United States patent 1,004,891. 

3 German patent 135,081 (Neudorfer and Klimont) ; French patent 308,153. 

4 Possible addition of tributyrin discussed by H. Fincke (x.), Zeits. f. Unters. d. 
Nahrgs* u. Genussm. , 1908, xvi. 666. 

5 German patents 102,539, 107,870. 

6 H. A. Snelling, English patent 8279, 1908. 
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would fall under the head of “perfumes.” Flavouring material pro- 
duced by the action of bacteria on casein and lactose*has been patented 
by Wilion. 1 r 

It should, however, be stated that margarines prepared from the 
best materials in an unobjectionable manner- do not require any of 
these additions. The latter are chiefly used in order to mask low 
grade materials or for fraudulent purposes so as to produce in the hands 
of the analyst a fictitious Reichert- Meissi value. Hence the so-called 
“ improvers,” which are sold as secret preparations, are unnecessary. 
The incorporation of ozonised air during the kneading process which 
is said to give an improved flavour to the margarine has been patented 
by Svemhen . 2 

An important point is to produce margarine which will froth and 
“ brown ” on heating, so that even in cooking the margarine may 
resemble butter. Since the property of butter to brown and froth is 
due to casein and milk sugar, it is evident that the more milk used in 
the manufacture of margarine, the nearer will the product approximate 
to butter. 

Milk is largely used in this country and in America ; but in some 
continental countries (see below) where the law forbids the addition of 
more than a strictly limited quantity of milk, a number of patents have 
been taken out 3 for substances which are credited with imparting to 
margarine the desired properties. Prominent amongst these patented 
products are casein and other albuminoids. 4 Some patentees claim 
cholesterol and cholesteryl esters, 5 or lecithin. 6 

Fendler 7 has shown that 0*5 per cent of egg yolk (or 0*05 per cent 
of lecithin) imparts to the margarine the property of “ frothing,” but 
not that of “ browning.” Tn order to produce the latter as well, an 
addition of sugar must be made. Egg yolk being cheaper than lecithin, 
it is, of course, more economical to add the former. 8 

Vegetable waxes have also been proposed as admixtures, and the 
use of beeswax 9 for this purpose has even been patented, although the 
addition of such substances must seriously interfere with the digesti- 
bility of the margarine. 

1 English patent. 21,050, 1911. 

- Norwegian patent 19,107, 1909. 

Cp. German patents 112,687, 113,382, 116,792. (The last-named patent has been 
cancelled.) 

4 Under the name “ Vitello,’’ a mixture of egg yolk and glucose lias been patented 
(Bernegau, German patent 97,057), and has been largely used in Holland. This patent has 
recently been declared invalid. Cp. also German patent, 113,382 (Evers), and English 
patent 21,626, 1900 (Neisse and Bolle) ; E. V. Bidder, English patent 6417, 1901 ; R. 
Jurgens, English patent 8099, 1903; T). Midler, English patent 12,916, 1906; S. 
Mitscherlieh, English patent 9015, 1907 ; I>r. Riegel’s NalirungsmitteLWerke, French 
patent 378,281 ; A. Bernstein, German patent 183,689, 1906 ; J. H. Boll, German patent 
143 , 112 ; H. Mohr, German patent 170,163 ; Riege.l, English patent 12,095, 1907 (cp. 
footnote p. 111). 

5 Sprinz, English patent 7620, 1901 ; German patent 127,376. 

H German patent 142,397 ; Reeser Margarine Fahrik, and C. Fresenius. 

7 Chem. Revue , 1904, 123. 

8 Cp. J. Midler, German patent 221,698. * 

9 English patent 22,905, 1900; German patent 124,410; French patents 302,125, 
316,986. Cp. also J. Midler, German patent 221,698. 
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Besides the taste, the consistence also plays an important part in 
the valuation of%nargarine. If the finished margarine has not been 
properly cooled, or h^s not been worked sufficiently on the tables, its 
consistence may be either too “ greasy ” or too “ sandy,” i.e. the semi- 
crystalline mass has not been properly “ broken,” and its grain differs 
from that of a projperly prepared dairy butter. Some margarines are 
also finally mixed with a little glycerin, or glucose, or sugar, in order to 
improve the texture or to give them a glossy appearance and also a 
sweeter taste. Sulphur dioxide has been detected in margarine con- 
taining glucose. 1 

The addition of glucose, which has been patented by Schmitt , 2 or 
cane sugar must, however, be considered a mistake, as this only leads 
to premature development of fungi on the margarine. 3 


The manufacture of butter substitutes is differently affected by 
legislation in different countries. 4 In this country the adding of butter 
to margarine in any proportion was at first allowed, for, according to 
the Margarine Act of 1887, any “ butter ” containing even the smallest 
quantity of foreign fat was looked upon as margarine. By the Mar- 
garine Clause of the Food and Drugs Act, 1899, however, the maxi- 
mum proportion of butter fat in margarine has been restricted to 
JO per cent. 

This restriction has been confirmed by the “ Butter and Margarine 
Act of 1907,” and it has been further enacted that margarine must not 
contain more than 1G per cent of water. Margarine factories must be 
registered, and are open to (Government inspection. Prohibited pre- 
servatives must not be used, nor is an excess of boric acid allowed (see 
“ Butter,” Vol. II. p. 789). According to the same Act, “ margarine ” 
means “ any article of food, whether mixed with butter or not, which 
resembles butter and is not milk-blended butter.” 

It may be noted here that in Canada, for margarine intended for 
home consumption, the addition of sodium benzoate up to 1 part in 
1000, and of salicylic acid up to 1 part in 5000 is permitted. Cp. 
“ Butter Fat ” Vol. II. p. 792. 

In the United States the mixing of butter with margarine is not 
forbidden, provided this product be sold as “ oleomargarine,” but the 
artificial colouring of margarine is forbidden. -In France, up to the 
promulgation of the Law of 15th April 1897, the admixture of butter 
with margarine was permitted, provided the article so prepared was 
sold with a proper declaration as to its composition. Since then the 
maximum amount of butter that may be admixed with margarine has 
been fixed at 10 per cent. This amount, which includes the butter fat, 
is introduced with the milk in the course of manufacture. — In Germany, 


1 Zeits. f. Uniers. d. Nahrgs- u. Oennssm. t 191J, xxiv. 742. 

2 English patent 27,487, 1911. 

:l * Op* Hoffmann, Chew. Berne, 1904, 7 ; 1911, 4. 

4 A. Laviillc, Die. Margarine (jesetzgehuny, Bremen, 1896 ; Report of the Depart- 
mental Committee on Butter, Eyre ami Spottiswoode, 1904; Report from the, Select 
Committee on Butter Trade, London, 1906. 

VOL. Ill * U 
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(Law of 15/6/1897), as also in Austria (Law of 25/10/1901), the mixing of 
margarine with butter is prohibited, both in the course of manufacture 
and as a f n addition to the finished margarine. Si^ce in the manufacture 
of margarine no more than 100 parts of milk or a corresponding quantity 
of cream may bo used for 100 parts of fat, the German and Austrian 
margarines may not contain more than 3-5 per cent^of butter fat in the 
margarine fat ; hence the Reichert-Meissl values of the German and 
Austrian margarines must not exceed the figure 2 (provided cocoa nut 
and palm nut oils have not been used, for in that event the Reichert- 
Meissl value will be higher ; see below). By an Imperial Statute it is 
made obligatory that the margarine manufactures in Germany add at 
least 10 parts of sesame oil for every 100 parts of fats and oils used. 
This is done in order to facilitate the detection 'of margarine iij butter 
(earlier proposals to add a “ latent ” colouring matter, such as phenol- 
phthalein or dimethylamidoazobenzene, having been rejected). It has, 
however, been shown in “ Butter Fat,” Vol. II. p. 857, that the sesame 
oil test is not infallible. 

In Austria also the addition of 10 per cent of sesame oil has been 
made obligatory.- — In Belgium the margarine manufacturer is bound, 
according to the Law of 4th May 1900, to use at least 5 parts of sesame 
oil in 100 parts of fatty matter, and 0*2 part of dry potato starch. — In 
Denmark the proportion of butter fat allowed in margarine has been 
reduced from 50 per cent to 15 per cent, and it is forbidden to produce 
and deal in margarine which has a deeper yellow tint than a certain 
officially fixed one. The margarine (margarine fat?) must contain at 
least 10 per cent of sesame oil (Law of 1st January 1900). According 
to the Dutch “ Butter Act,” margarine must not be sold which has a 
higher Reichert-W ollny value than 10. 1 

The German Government had rejected the proposal to use potato 
starch for “ earmarking ” margarine, on the ground, it is stated, that 
starch is too easily removed by washing the margarine with water. 
This objection would, however, not hold good, since Mainshrecq 2, has 
shown that if the starch is dried and then mixed with fat, it cannot be 
washed out with water, the fat forming, as it were, a protecting layer. 
The advantage of starch as an earmarking substance consists not only 
in that it is a cheap substance which does not in any way influence the 
quality of the margarine, but furthermore in that its presence can be 
detected by two independent methods, namely, by the iodine test and by 
microscopical examination, so that even if a colouring matter should 
be discovered which would give a blue coloration with iodine solution, 
the microscopical examination could still be relied upon. This becomes 
all the more important since the “ earmarking ” by sesame oil has been 
rendered nugatory by the employment of — legally permitted — colouring 
mutters, which give with hydrochloric acid a similar coloration to that 
produced in the Baudouin reaction for sesame oil. These colouring 
matters so tenaciously adhere to the fat substance (being more readily 
soluble in it than in dilute hydrochloric acid) that an inordinately large 

1 Zeits. f. IT nters. d. Nahrgs - u. Genussru., 1909, xvii. 679. 

2 Bull, del' Assoc. Beige , 1889 (12), 185. 
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number — 20 to 30 and more — of washings with hydrochloric acid must 
be carried out before the colouring matter is removed. The <*hromo- 
genetic substance in s#same oil is at the same time destroyed, so that 
the presence of sesame oil can no longer be thus detected. 1 Arnold 2 
decolorises the colouring matter by means of stannous chloride, which 
is stated not to impair the delicacy of the Baudouin test. Arnold 
operates as follows : The fat dissolved in petroleum ether is shaken 
with hydrochloric acid containing a little stannous chloride, and warmed 
for a short time in the water bath. When the red coloration has 
disappeared the furfural solution is added in the usual manner. The 
evidence which the author has given in this respect before the Parlia- 
mentary Committee has, amongst other reasons, induced the Com- 
mittee lfcot to recommend sesame oil as an earmarking substance for 
margarine. 3 

The methods of examining margarine (“ oleomargarine ”), and 
especially of distinguishing it from true butter fat, have been exhaust; 
ively dealt with in the preceding chapter, under “ Butter Fat.” 

A reliable preliminary test for discriminating between margarine 
not containing added butter, and genuine butter fat, is to heat the 
isolated fat with a small quantity of alcoholic potash, insufficient to 
effect complete saponification. In the presence of butter fat ethyl 
butyrate, readily recognised by its pleasant smell recalling that of 
pineapples, is formed. A number of margarines examined by the 
author failed to give the odour of the butyrate. On adding, however, 
a small quantity of genuine butter, tin; characteristic smell was immedi- 
ately observed. It would therefore appear that the small quantity of 
butter fat which is introduced into margarine with the milk is not 
readily revealed by this test. It must also be borne in mind that 
butyric esters may have been added to the margarine. 

In order to determine quantitatively the amount of butter fat in 
margarine, especially with a view to testing whether it exceeds the legal 
limit of 10 per cent, the Reichert-W ollny method has been agreed upon as 
the official test 4 by the Government Laboratory and a Committee of 
the Council of the Society of Public Analysts. The following table 
gives the amount of butter fat which was assumed to be present in a 
margarine (in the absence of cocoa nut and palm nut oils 5 ) in case the 
following Reichert-W ollny numbers have been found : — 


1 Cp. Feudler, Chan. Rente , 190;% 10. 

2 foils, f. (Inters, d. Nahrtjs- n. (Jenussm . , 1913, xxvi. 05 5. 

For other objections against the employment of sesame oil in the manufacture 
of margarine, compare Report from the Seteet. Committee on Butter Trade , Loudon, 
1906. • 

4 A nalyst , 19Q0, 309 (see Vol. I. Chap. YL ). 

5 It may be pointed out in (his connection that Bcmelmaus [Zeiis.f. I '/iters. d.Nahrgs- 
u. (fenussm., 1907, xiii. 492) found in the Reichert- Meissl distillate of a margarine fat 
benzoic acjfl (added as a preservative) which, of course, increased the Reiehert-Wollny 
number. To a smaller extent the same effect would be produced by salicylic acid (cp. 
Vol. IT. p. 791). 
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Kelchert-Wollny Number 
of the 

Margarine Fat. 

4-0 

4-3 

4-6 

4 - 9 

5 - 2 
5-5 

5 - 9 

6 - 2 
0*5 
6-8 
7-1 


Percentage of Butter Fat 
assumed to b&present In the 
Margarine Fat. 

e 10 # 

11 

12 

13 

* 14 * 

15 

10 

17 

18 

19 

20 


Since, however, margarines are now being prepared which contain 
as much as 30-40 per cent of cocoa nut or palm nut oil, the indications 
furnished by the Reichert- Wollny value alone are not sufficient to raise 
the presumption that the margarine contains more butter fat than is 
permitted under the Foods and Drugs Act. 

In cases of this kind the high saponification number of the margarine 
fat would in the first instance reveal the presence of cocoa nut or palm 
nut oil. 

If the quantity of cocoa nut oil be small, then the determination of 
the saponification value alone cannot lead to decisive results. In that 
event the determination of the insoluble volatile acids (by the methods 
of Muntz and Coudon or of Rolen she, Vol. II. Chap. XIV. p. 832) would 
furnish further indications. 1 If even then unmistakable results are not 
obtained, the margarine fat may be resolved by extraction with alcohol 
into two portions, viz. a somewhat more easily soluble portion and an 
insoluble portion. Cocoa nut oil, being much more soluble in alcohol 
than the usual constituents of margarine (oleomargarine, lard, cotton 
seed oil, etc.), would pass into the alcoholic solution to a greater extent 
than do the other fats and oils, and the residue after distilling off the 
alcohol can then be examined with advantage by determining the 
saponification value, Reich ert-Meissl value, and the titration number 
of the insoluble volatile fatty acids (see below). With regard to the 
detection of cocoa nut oil, cp. also II inks’ microscopical method, Vol. II. 
p. 847. 

The problem becomes more difficult if it is required to determine 
the amounts of butter fat and of cocoa nut oil (or palm kernel oil), if 
present conjointly, in a margarine. A. Kirschner 2 endeavoured to 
solve it by basing himself on a principle first suggested by K. Jensen , 3 
viz. to determine the amount of caprylic acid in the aqueous solution 
obtained in the Reichert distillation process. 

• 

1 Although these strictures have been pointed out in the third edition of this work 
(1904) it was only late in 1909 that a paragraph was added as follows : “The limiting 
figure of 4 obtained by the Reichert-Wollny method described and the table of figures 
connected therewith are not applicable to those cases of margarine in which tlifl insoluble 
acids number exceed 1 ” (Analyst, 1909, 514). 

- Zeits.f. (Infers, d. Nahrys • n. Qenussm., 1905, ix. G5 ; cp. also Arnold, ibid., 1907, 
xiv. 172. :l Farmaceutisk TUeade , 1903, 385. 
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In the case of butter fat this solution contains preponderantly 
butyric acid— whtch has not been found in cocoa nut oil or in palm 
nut oil — and also caprylic acid, which latter occurs in butter fat to a 
small extent only, whereas in the case of cocoa nut oil a comparatively 
considerable amount of caprylic acid will be obtained. The silver 
salt of butyric acid is easily soluble in water, whereas caprylic acid 
yields a silver salt which is only sparingly soluble in this menstruum. 

Kirschner' s method consists in saponifying 5 grms. of margarine fat 
in the usual manner, and determining the Reichert- Meissl value. To 
100 c.c. of the distillate 0*5 grm. of silver sulphate is added, the solution 
is well shaken and allowed to stand one hour, so that the precipitate 
may settle out. The precipitate is filtered off through a dry filter, the 
filtrate is acidified witli dilute sulphuric acid and distilled again. The 
distillate is titrated with decinormal alkali and yields a “ new number,” 
which is a measure of those volatile acids, the silver salts of which are 
soluble in a neutral solution. By determining this same number and 
also the Reichert-Meissl values in (1) a margarine fat free from cocoa 
nut oil, (2) the same margarine fat mixed with 10 per cent of cocoa nut- 
oil, and (3) margarine fat No. 1 mixed with 10 per cent of butter fat, 
an equation can be formed which allows to calculate the percentage of 
butter fat in a magarine fat containing cocoa nut oil, after the Reichert- 
Meissl value and the “ new number ” of the margarine fat have been 
determined. Kirschner derives the following equation : — 

Percentof butter fat 4-319 x “newnumbor” - 0-450 >: Reichert-Meissl valuo - 215. 

Although check experiments made by Kirschner with mixtures of 
margarine fat with cocoa nut oil and butter fat yielded very good 
results, the objection must be raised that for the derivation of the 
above equation only three series of values had been used. Furthermore, 
in view of the varying composition of butter fat (see Chap. XV. “ Butter 
Fat”), and in view of the minutiae of detail of manipulation which 
must be observed in order to obtain comparable results, this method, 
although involving the application of a very useful principle, must be 
accepted with reserve. Reois and Bolton 1 point out that although this 
method shows little superiority over Polenske’s method for the detection 
of cocoa nut oil in butter, it has great value in the analysis of margarine 
containing cocoa nut oil and (or) butter. 

Blichfeldt 2 determines the ratio between the fatty acids yielding 
soluble silver salts and those yielding insoluble silver salts. This 
observer gives the following ratios found by this method : — 



Total Volatile 
Acids 

C.C. i'n KOH. 

Soluble 
Silver Salts. 

Insoluble 
Silver Salts. 

Butter fat 

32 

29 

3 j 

Cocoa nut oil . 

20 

4 

16 

Palm kernel oil 

• 

15 

3 

12 1 


1 Analyst. 1911, 334. 

2 J»urn . Snc. Chem. Ind ., 1910 792. 
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The author, however, found that the soluble silver Halts in cocoanut 

oil were 1*16 only. * 

The f author suggested 1 to determine the amount of ^ilver caprylate, 
obtained as described above in a number of pure cocoa nut oils and pure 
butter fats, and to derive from such results data for comparison ; this 
suggestion has also been made by 0. Jensen ? t 

Gassal and Gerrans 3 saponify 3 grins, of fat, decompose the soap 
with 10 c.c. hydrochloric acid, and add 50 grins, of anhydrous calcium 
chloride. This mixture is then distilled in a current of steam from a 
calcium chloride bath kept at 141-146° C., until 500 c.c. have passed 
over. The insoluble volatile acids arc filtered off, washed with cold 
water, and dissolved in hot alcohol. They are then titrated with 

q alkali. These observers find as the average number yielded'by pure 


butter fat 16, and that yielded by cocoa nut oil 66. 

Another method, which would seem to promise more reliable results, 
has been proposed for this purpose by Arnold , 4 viz. to treat the margarine 
fat with alcohol, and to examine the alcohol-soluble portion, which would 
then contain the more soluble portions of both cocoa nut oil and butter 
fat. Settimj mid Maurantonio 5 state that the greater proportion of the 
vegetable oils present in a margarine may be removed by heating 150 c.c. 
of the fat with 200 c.c. of 1)5 per cent alcohol, with continuous shaking. 
The mixture is allowed to cool and the alcoholic layer decanted. The 
determination of tin? saponification value, of the Reichert- Meissl value, 
of the titration number of the insoluble volatile acids, of the mean 
molecular weights of the soluble volatile acids, and also of the insoluble 
volatile acids, would then furnish such data as may lead to an approxi- 
mate determination of butter fat and cocoa nut oil in margarine fat. 
The tables containing Arnold's values as given in Chapter XIV. under 
“Lard,” p. 609; “Beef Fat,” p. 766; “Butter Fat,” pp. 811 and 
846, in conjunction with the following tables, will materially assist in 
interpreting the results : — 


1 Jahrbuch </. Cl inn,., 1904 (xiv.), 437. 

2 Ze.Ua. f. Utile rs. d. Nahnjs- u. Genussm ., 1905, x. 265. 

:t Client. News, 1910, 190. 

4 Zeita. f. Cntera. <t. Nahnjs- n. Genussm., 1907, xiv. 3 1 28, 1178; ibid., 1911, 
xxi. 589 ; ibid., 1914, xxvii. 379. 

5 Ann. Lab. Chirn. d. Gabe/fe, 1912, (6) 203. 
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The acids are solid. 





XV BUTTER SUBSTITUTES 41 

The following table due to Monhaupt shows the relationship between 
the Reichert-Meis^l values, titration number of the insoluble volatile 
acids, and Ki^schner’yS method for margarines containing Varying 
amount of cocoa nut oil and butter fat. 


Mixtures of*Fat containing Cocoa Nut Oil and Butter Fat 


c.c. KOH 
mill hod for 


Cocoa Nut 
Oil. 

Butter Fat. 

; j requiroa ior 

Keiehert-Meissl ; Insoluble Volu- 
: Value. tile Aclda 

1 (Polenske’s 

New NumbcM' | 
(Kiracluier's 
Method). 

Percent. 

( 

- 

| Per cent. 

o 

1-76 

| Method). 

1 

110 

0-30 1 

10 

! i 

105 

M0 

0-48 ! 

1 

1 2 

2-20 

115 

0-09 

( 

0 

2 31 

1-52 

0-34 1 

15 

l 

2-52 

HiO 

0-55 

I 

2 

2-81 

100 

0-70 

( 

0 

3-74 

, 200 

0-50 

20 

1 

400 

205 

0*81 

I 

2 

4-18 

210 

0-98 ; 

( 

0 

3-85 

i 2-65 

0*01 

25 

1 

4- 10 

1 2-80 

0*84 

1 

! 2 

1 4*35 

I 2-85 

102 

( 

0 

4-07 

' 310 

004 

30 

1 

4-74 

3-30 

0*88 1 

I 

2 

4-84 

3-25 

1*15 , 

| 

0 

4-95 

4- 15 

0*73 

35 

1 

5-22 

4-30 

0*90 ! 

1 

o 

5-50 

i 4-20 

1 -23 

In conclusion the autl 

tor adds a 

few analyses of margarines, which 


indicate the course of examination to be adopted. This embraces the 
determination of water (which in this country must not exceed 1G per 
cent), ash, total fat, and examination of fat (if desired). 
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1 A path. Zeit. 12 , 2 * 20 . - Zeits. f. Unters. d. Kali rye- u. O'enussm., 1902 , 856 . 
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A method due to Shrewsbury and Knapp 1 based on the, property or • 
lauric acid (whicfl constitutes a large proportion of the fatty acids of 
cocoa nut oil) oj: bein^ soluble in dilute alcohol is carried out as follows : 
— 5 grms. of fat are saponified by the Leffmann - Beam process, 
and the soap diluted in a separating funnel with 200 c.c. of boiling 
water. 5 c.c. of sulphuric acid (prepared by mixing 100 c.c. of con- 
centrated sulphuric acid with 400 c.c. distilled water) are added, and 
the mixture shaken for one minute. After standing for five minutes 
the aqueous solution is run off and separated as far as possible from 
the fatty acids. The fatty acids remaining in the separating funnel 
are dissolved in 50 c.c. of 00 per cent (by weight) alcohol, and put 
into a flask. 36 c.c. of cold water are run into the separator and the 
alcoholic solution boiled and poured into the water. The mixture is 
run into the flask and then back into the separator. The separating 
funnel is shaken for 30 seconds and allowed to stand for three minutes 
in order to permit the insoluble fatty acids to separate. 70 c.c. of 
the clear alcoholic solution are measured off and titrated with tenth 
normal alkali. The mean amount of alkali required for English butters 
is given as 27*7, with a maximum of 32, and that of lard and cocoa nut 
oil 15*7 and 1 63 respectively. 

The examination of a large number of samples of English and 
foreign butters by Ross, Race and Maudsley 2 point, however, to the 
maximum figure being about 35-5. The figures for cocoa nut stearine 
and cacao butter are 138*5 and 1 6*5. 

Cribb and Richards 3 calculate the proportion of cocoa nut oil to 
butter fat in a margarine by the aid of the relationship between the 
Reichert- Meissl and the Rolenske figures. The proportion of cocoa nut 
oil is arrived at as follows : — From the alkali required for the insoluble 
volatile acids, one-tenth of the Reichert-Meissl value is deducted, the 
remainder being calculated to cocoa nut oil on the assumption that the 
mean titration number for the insoluble volatile ^acids of cocoa nut oil 
is 17*5. The proportion of butter is found by subtracting from the 
Reichert- Meissl value the alkali required by the volatile acids of the 
cocoa nut oil, the proportion of which has been found above, assuming 
that the Reichert- Meissl value of cocoa nut oil is about 6*5. These 
observers also make a correction for the solubility of the so-called 
insoluble volatile acids, but having regard to the enormous variations 
in the natural products this appears to be a somewhat needless refine- 
ment. For this reason also too much reliance should not be placed on 
the results obtained by these calculations, for, whereas it is a com- 
paratively easy matter to calculate the proportions in a mixture of fats 
whose analytical values are known, it is a very much more difficult 
problem when the origin of the components is unknown. 

The examination of a few specimens of margarine fat, containing 
cocoa nut oil, gave the following numbers : — ■ 


h Analyst, 1910, 38f>. 

2 Ibid., 1911, 195. 

3 Ibid,, 1911, 327 ; cp. also Arnaiul ami Hawley, Analyst, 1912, 122. 
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f 

Margarine Fats containing Cocoa Nut Oil 

f 0 


Saponification 

Iodine 

Value. 

Ileiehert- 

Meissl 

i Insoluble 
| Volatile 

Insoluble Acids 
and 

Observer. 


Value. 

i Acids. 

Unsaponifiable. 

0 


216-34 

49-46 

5-50 


92-97 

Beythien and 

220-35 

49-06 

4-50 


93-04 

Strauss 

217-45 


4-60 



! ” 

210-12 


4-10 

1 



218-24 
| 237-7 

I 49-25 

4- 60 

5- 3 

! 8-9 

92-98 

i ” 

Strunk 

i 248-7 

1 


5-6 

! 11-3 




For a method for detecting cocoa nut oil in butter fat by the 
determination of the miscibility curves, the original paper should be 
consulted. 1 

The detection of the individual oils and fats in margarine is carried 
out in the manner described under “Butter Fat” and by^ following 
the course indicated in Chap. XT. In an examination of this kind, 
the determination of stearic acid may lead to valuable indications, 
as is evidenced by the following numbers published by Hehner and 
Mitchell : — 

Containing Stearic Acid. 

Per cent. 

Oleomargarine . . . 21-3-23-6 

Margarine 1. . . 218 

„ II. 11-72 

Butter fat contains less than 1 per cent of stearic acid ; cp., however, 

Vol. I. Chap. VIII. 

Leffmann and also Geisler 2 stated that they found in American 
“ oleomargarines ” from 9*72 to 11*5 per cent of paraffin wax ; 3 hence 
the quantitative determination of the unsaponifiable matter should not 
be omitted. With regard to the examination for boric acid and other 
preservatives (salicylic, benzoic acids) and colouring matter, cp. Chap. 
XIV. under “ Butter Fat.” Arnold 4 gives the following test for a 
yellow dye which is used as a margarine colour : — 2 c.c. of the melted 
fat are dissolved in 4 c.c. of petroleum ether, and the solution shaken 
with 1 c.c. of hydrochloric acid of specific gravity 1*19. The lower acid 
layer will be coloured yellow to orange and may be decolorised by the 
addition of one drop of stannous chloride solution. A method for the 
detection of egg yolk has been worked out by Fendler . 5 

* 

1 Louise, Ann. d.ftdsijic ., 1911, 302. 

' Jo u.rn. Antcr. Ghent. Soe., 1899 (21), 60.7. 

3 In this connection it may be mentioned that even the admixture of 60 per cent of 
refined mineral oil to edible fats with a view to producing a “compound edible fat” has 
been patented (English patent 9526, 1894). 

4 Zeits. f. U liters, d. Nahrys- it. Uotuss/n., 1913, 654. 

5 Ber. d. iJeutsch. Pharm. Ges ., 1903, 284. 
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In the examination of the aqueous layer obtained on melting the 
sample of margarine, an alkaline reaction may also be caused by the 
presence of anynonityn carbonate, which some makers add to their 
margarine. 1 

In the following table the estimated production of margarine in 
the most important countries during the year 1912 2 is given : - 


Country, 

; Actual 

Production 

Imports, Exports, 

(estimated). 

11)12. 1912. 


Kilogrammes. 

Kilogrammes, j Kilogrammes. 

United Kingdom 

United States of America 

! 70,900,000 

80,000,000 1 

1 

! Germany .... 

192,000,000 


J Denmark .... 

39,000,000 

2,000,000 ! 

j Sweden .... 

22,000,000 

147,829 j 22,171 

| Norway .... 

20,000,000 

1 

Austria-Hungary 

1500 waggons 

i ::: j ::: 

i_ i 


The imports of margarine during the last fourteen years into the 
United Kingdom are stated in the following table : — 

Year. Uvvts. 

1899 
J 900 

1901 

1902 

1903 

1904 

1905 

1900 

1907 

1908 

1909 

1910 

1911 

1912 

The home production of margarine is increasing from year to year, 
and may now be estimated to exceed 1,000,000 cwts. per annum. Ke- 
liable statistical data are, however, not available. 

The following table shows the kinds and quantities of materials 
used in the production of “ oleomargarine ” in the United States 

1 K. Fisher and Crunert, Zeits.f. Outers. if. Nahnjs- Ucnvssm., 1904, viii. 414. 

2 Census Bulletin. • 


924,034 
905,540 
958,21 1 
870,440 
950,368 
1,105,374 
1,111,099 
885,068 
813,447 
808,292 
1,120,812 
944,405 
1,352.427 
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Materials. 

< 

Pounds, 16119. 

Percentage, i%99. 

Percentage, 1912. 



€ • 


Neutral lard . 

31,297,251 

34-27 

16*27 

“Oleo oil” . 

24,491,769 

26'82 

34-29 

Cotton seed oil 

4,357,514 

4-77 

14*36 

Sesam6 oil 

486,310 

0*5I> 

0*28 

Colouring matter 

148,970 

0*16 

0*21 

Sugar .... 

110,164 

0-12 

0*06 

Glycerin 

8,963 

o-oi 

... 

“Stearine” . 

5,890 

0-007 

0*76 

Glucose .... 

2,550 

0*003 

1 0*05 

Milk ... 

14,200,576 

15-55 

20*09 

Salt 

6,772,670 

7-42 

7*33 

“Butter oil” 1 

4,342,904 

1 476 

... 

Butter .... 

1,568,319 

1 1-72 

2*98 

Cream .... 

3,527,410 

3-86 

3*09 

Total 

91,322,260 

100-00 

99*77 


The quantities of “ oleomargarine ” produced in the United State; 
of America during the years 1897 to 1913 have been stated officially a; 
follows : — 

1 This is a special brand of cotton seed oil (see Vol. 1 1. Chap. XIV.). 
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The amount of margarine (“ oleomargarine/’ “ imitation butter ”) 
exported from the United States in lbs. and the value in dollars are given 
in the following table : 


| Year. 

Lbs. 

Dollars. 

i 1 Near. 

i: 

r - - 

Lbs. 

Dollars. ! 

: 1896 1 

6,063,699 

587,269 

1905 

• i 

7,863,164 : 

711,038 

1897 i 

4,864,351 

472,856 

1906 

11,794,174 

1,033,256 : 

j 1898 | 

4,328,536 

386,297 

; 1907 

5,397,009 

520,406 ! 

1899 

5,549,322 

509,703 

1908 

2,938,175 

299,746 : 

i 1900 

4,256,067 

416,544 

' 1909 

2,889,058 

293,635 | 

i 1901 

4,990,699 

484,501 

1910 

3,418,632 

349,972 1 

1902 

5,721,254 

601,521 

1911 

3,794,939 

408,459 i 

: 1903 

7,645,652 

798,273 

1912 

3,627,425 

372,567 | 

1904 

6,137,251 

605,874 

i 


• 


As will be seen, the production of margarine in the United States 
has fallen off considerably in consequence of recent legislation injuriously 
affecting the production and sale of margarine. The same effect has 
been produced in Germany by the Margarine Act of 1902, and the 
production has fallen from 123,133,853 lbs. in the fiscal year 1901-2 to 
72,484,761 lbs. in 1902-3 and 48,071,850 lbs. in 1903-4. In 1912, how- 
ever, the production had risen to 385,805,000 lbs. In Denmark, on the 
contrary, the production of margarine has increased considerably, as 
may be gathered from the following figures : — 1892-93, 16,312,844 lbs. ; 
1899-1900, 32,530,911 lbs.; 1905-6, 53,490,000; 1906-7, 57,850,000; 
and 1911, 77,880,000 lbs. 

It may be added that the manufacture and sale of margarine is 
forbidden in Canada, hence all the “ oleo oil ” produced there is 
exported. 


Under the name of “ margarine ” may be also comprised emulsions 
of fat with water without the addition of milk. 

Some of these emulsions, consisting of oleomargarine — oleo oil — 
or lard, or mixtures of the two, emulsified with about 16 per cent of 
water, have been sold especially as butter adulterants. The analyses 
of some of these have been given under “ Butter Fat,” Vol. II. Chap. 
XIV. p. 813. The fraudulent use for which these “ margarines ” are 
intended naturally restricts their sale. 

Another kind of fat emulsion, consisting of vegetable butters emul- 
sified with water, or with milk and egg yolk, etc., more properly belongs 
to the “ Vegetable Butters ” (see below), although legislation in different 
countries may demand its being sold under the laws affecting margarine. 


, (/I) Vegetable Butters 

French — Beurres vegetaux. German — V egetabilische Butter sorten. 
Italian — Burri vegetabili. 

Under the heading “ Vegetable Butters ” all those fats or mixtures 
of fats are included which are exclusively of vegetable origin, and 
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have at the ordinary temperature a consistence approaching that of 
butter or lard. Their ^origin differentiates them from the ‘ products 
named under the heading “ Suet Substitutes ” (p. 24). -c. 

A fat corresponding to this description is “ cotton seed stearine ” ; 
indeed, the cotton seed stearine obtained from the best qualities of 
cotton seed oil, fit for consumption, is specially prepared and sold as a 
butter substitute in^hose countries where the inhabitants are forbidden 
by their religious tenets to consume beef fat or hog fat (India, Turkey). 
In commerce such vegetable butters are known as “ vegaline,” “ cotto- 
lene,” etc. Tire manufacturing processes for producing cotton seed 
stearine have been described in the preceding chapter (Vol. II. Chap. 
XIV.). 

Cocoa nut oil and palm nut oil lend themselves to the same purposes, 
especially in temperate climates, provided they are refined so as to offer 
no objection on account of taste and odour. The great demand that 
had arisen during the last three decades for butter substitutes, a demand 
that could not be fully met by margarine alone on account of the 
limited supplies of beef fat, directed the attention, in the first instance, 
to the problem of refining cocoa nut oil so as to render it fit for edible 
purposes. The earliest experiments made in this direction appear to 
date from the year J 880. In the year 1882 Jeserich and Meinert-Biinau 
patented a process of refining cocoa nut and palm nut oils. This process 
consisted in deodorising the oils by a current of high pressure steam 
(6 to 8 atmospheres), and removing, by means of magnesia, the free 
fatty acids still left in the fats after steaming. This process seems to 
have been carried out on a manufacturing scale at first in (Germany, 
but the product was still tainted with a peculiar flavour, which was 
at that time believed to be caused exclusively by the free fatty acids 
of cocoa nut oil, but which has been shown by Haller and Lam, cur to 
be due to the natural presence of methyl heptylketone and methyl* 
nonylketone in cocoa nut oil. 

Attempts were then made on a large scale to remove by treatment 
with alcohol 1 the free fatty acids and, at the same time, the odorous 
substances. On account of the costliness of the process, and for 
other obvious reasons, this method also had been abandoned. Yet 
the alcohol process appears to have been again attempted on a large 
scale. 2 

At first most of the products were sold (secretly) as butter adulter- 
ants, but in the same degree as the detection of even small quantities 
of cocoa nut oil in butter fat was rendered easy by the application of 
searching analytical methods, and as more elaborate processes of 
refining were invented, cocoa nut oil butter won for itself — under its 
proper name — an independent position as a butter substitute, anfl 

1 Purification by means of alcohol was first used by Chem-eul, and appears to have 
been proposed as a working process lirst by Demachy in the beginning of the last century 
(cp. German patent 19,819). 

2 French patent 3t)l,96d (Urbain and Feige). Cp. also French patent 394,456 
(Welfling) ; French patent 394,530 (G. van ilev Heyden). 
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began to find extensive use in confectionery and as a culinary fat. 
The fat is at present mostly sold under fancy names, the number of 
which *has grown exceedingly extensive of late years. 1 These are 
prepared from the best brands of cocoa nut oil ((fochinf, either imported 
as such or in the form of well-dried copra of best quality. 2 * 4 Some 
vegetable butters are made from expressed palm kernel oil. 

According to Kreis 3 artificial nut butters are lieing manufactured 
consisting of 80 per cent of cocoa nut oil and 20 per cent of ground 
walnuts. 

The refining processes proper, embracing chiefly the removal of the 
free fatty acids, and the deodorisation of the oil are guarded as valuable 
secrets, both as regards the details of the process and the apparatus 
employed. Moreover, the processes in use differ considerably, as is 
evidenced by the different qualities of the various commercial cocoa 
nut (and palm kernel) oil butters in respect of taste and odour. Hence 
the reader can only be referred to the general indications given on p. 20, 
and, for further details, to the patent specifications mentioned above. 

The difficulties experienced in the conversion of cocoa nut oil into 
vegetable butter were frequently attributed to the presence of proteins. 
Freundlich 4 has shown that the proportion of proteins in a number of 
cocoa nut oils was nil , or at most amounted to 0*18 per cent, and he 
therefore rejects as untenable the view that proteins are the cause of the 
difficulties. Since, however, Freundlich found in the emulsified layers, 
which are formed between oil and washwaters in the course of the 
manufacturing process, substances which, after removing the fat with 
ether, would appear from their proportions of nitrogen to contain from 
0*08 to 2*85 per cent of proteins, the question must still be left an open 
one. In the author’s opinion it appears likely that Raschig’s chloramine 
reaction may prove of assistance in deciding this question. 

Haller and Lassieur have, however, shown that the difficulties are 
due to the extremely great trouble involved in the total removal of 
the volatile ketones. 

The free fatty acids of the raw material are recovered as a by-product 
in the form of alkaline salts (soda soap) or salts of alkaline earth (lime 
soap, magnesia soap). These soaps occlude a considerable amount of 
neutral fat, up to 40 and even 60 per cent of their total weight. The 
soapy mass is usually decomposed with mineral acid and boiled until a 
clear layer floats on the top. The fatty layer, consisting of free fatty 
acids and neutral fat, has become a commercial article, and is sold as 
soap stock (see Chap. XVI.). 

The difficulty which cocoa nut oil offered, in that it became, on 
solidification, too hard to be used like butter, has been overcome by 
passing the finished product between rollers in a kind of milling or 
kneading machine, whereby a “ soft texture ” is imparted to the cocoa 

1 Cp. also Femller, Chem. Revue, 11*06, Nos. 10, 11, 12. 

2 G. 0. Warr, United States patent 902,525. 

;i Chem. Revue , 1912, 196. 

4 Chem. Revue , 1907, 302 ; 1908, 3. 
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nut oil, so that it can be spread like butter 1 (“ Kneaded Cocoa Nut 
Butter ”). In order to prevent the partial melting of the cocoa nut oil 
in the kneading machine, Schlinck 2 uses quickly rotating knife* blades 
which shred the fat in thin slices from solidified blocks of suitable size. 

The commercial success which attended the introduction of some 
of the best brands ®f vegetable butters prepared from cocoa nut and 
palm kernel oils has acted as an incentive for increased production, 
so that in the year 1902, in Europe alone, about 10,000 tons of edible 
cocoa nut oil and palm nut oil butters were manufactured. In the 
year 1907 the European production was estimated to have amounted 
to no less than 50,000 to (50,000 tons. This figure has now probably 
been largely increased. 

The manufacture of vegetable butters occupies an important place 
in this country, as also in France, Germany, and Austria. It is also 
being extended in Switzerland, Belgium, and Holland. 

In the United States also, considerable quantities of copra and 
cocoa nut oil are worked up for vegetable butter, especially since the 
export of raw material from the Philippines has been largely diverted 
to the United States. 

Vegetable butter from cocoa nut oil is brought into commerce, not 
only in its original white colour, but also coloured yellow in order to 
render it more like margarine in appearance. The description and 
analysis of a number of such cocoa nut butters has been given by 
Fendler. In the endeavour to make these products still more similar 
to butter (or margarine), some manufacturers actually produce emul- 
sions of cocoa nut oil with water and salt, egg-yolk and salt, or even 
milk, egg-yolk, and salt —in other words, product; a margarine (see p. 3 1 ). 3 
In some countries these products undoubtedly fall under the definition 
of margarine, especially when they contain small quantities of oils other 
than cocoa nut oil (e.g. cotton seed oil) 1 ; hence in those countries they 
must contain the amount of sesame oil prescribed for margarine. The 
analyses of a number of such emulsified cocoa nut butters have been 
published by Fendhr . 5 They would be most suitably termed veget- 
able margarines.” 

The examination of these products embraces the determination of 
free fatty acids and ash. Further analytical tests refer to the solidifying 
point of the fat, the titer test of the fatty acids, and the determination 
of unsaponifiable matter. The last-named test has acquired some 
importance, as during recent years paraffin wax and heavy paraffin 
oil have been frequently added to edible cocoa nut oil with a view to 

1 Op. also G. M tiller, French patent. 331,3(10. A curious patent ior rendering 
vegetable butter “ capable of being spread " claims the addition of 7 to 8 pot* cent of 
alcohol (P. Kolesoh, English patent 18,199, 1907) ; United States patent 910,827 ; 
German patent 208.147. Full specification given, Chan. Revue, 1909, 287. 

2 German patent 193,045. Cp. also French patent 373,990, and first addition No. 
7751 (P. D. Massimi). 

Op. also English patent 12,355, 1907 (A. M. Sorensen), which claims the addition 
of salt, sugar, and egg- yolk. 

4 Cp. Rigant, French patent 398.241. 

r> Client. Revue, 1908, Nos. 10, 11, 12. 
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imparting to it a butter-like consistence. Arnold 1 found in a veget- 
able better 3*9 per cent of unsaponifiable matter, wliicli consisted of a 
yellow viscous liquid of the iodine value 2*65, saponification value 0, 
and showing in the butyro-refractometer 74-4 “ degrees ” at 40° C. 

In judging a sample the chief importance must be given to the 
taste of the product, and its odour on warming. The detailed examina- 
tion and identification of the fatty matter is carried out according to 
the methods described in earlier chapters. 

Besides cocoa nut oil and palm nut oil, other tropical vegetable fats, 
such as margosa oil, mowrah seed oil, and shea butter, lend themselves 
to the manufacture of vegetable butters, and since the time the author ? 
has proposed these, such products have been manufactured on a large 
scale and placed on the market. They were at first used to. a large 
extent as adulterants of butter fat, instead of as substitutes, but with 
the increased demand for edible fats, they are used as such or for com- 
pounding in the industry of margarine, or of vegetable butters. 

The “ vegetable butters ” furnish the raw material for the production 
of “ chocolate fats ” (see below). 


(3) Lard Substitutes 

French — Succedanes du saindoux ; Saindoux artiftcids. German 

Kunstspeisefett ; Kunslschmalz. Italian — Slrutli artificial^. 

The commercial lard substitutes consist chiefly of a mixture of lard, 
or “ lard stearine,” with “ beef stearine ” 3 (“ oleostearine ”), cotton 
seed stearine, cotton seed oil, mai/e oil, arachis oil, sesame oil, cocoa 
nut oil, and palm kernel oil. In the infancy of this industry these 
artificial products were sold under such names as “ refined lard,” 
“commercial lard” (cp. Vol. II. p. 705). Other products (e.ij. “lard 
compound”) contain no lard whatever, being judiciously prepared 
mixtures of beef stearine and cotton seed oil, 4 such as described above 
under (a). At present, however, all lard substitutes proper contain 
lard, or at least “ lard stearine,” as a basis. The United States Govern- 
ment Meat Inspection Service has issued a regulation providing that a 
substance composed of lard and oleostearine or other animal fat and 
vegetable oil may be labelled “lard compound,' " but in such cases the 
names of all the ingredients must be shown upon the label and in all 
cases the proportion of lard must be equal to, or greater than, that of 
the other combined ingredients. The manufacture consists simply 
in mixing the various fats and oils in the melted state in a mixing 
machine, and cooling the mixture rapidly by running it over cooling 
cylinders (cp. “ Lard ”), so as to destroy any tendency to crystallisation. 
The proportions of the several ingredients arc varied, not only according 

1 Zeits.f. (Inters, d. Nahrgs- u. (lemissm., 1908, xv. 280. 

2 Lewkowitsch, Cantor Lectures: “Oils and Fats: tlieir Uses and Applications,” 
1904. 

:t On the Continent mutton stearine is used also. 

4 United States patent 980,809. 
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to the state of the market values, but also according to the seasons. 
In summer the quantity of the harder fats is increased, whereas in winter 
the proportion of the more fluid constituents becomes higher. -Thus it 
is feasible to place on the market a product of the same consistence all 
the year round. When mixing together the various ingredients without 
the aid of “ lard coolers,” care must be taken that the mixture is run out 
of the mixing machine at the proper temperature so as to prevent 
separation. 

In order to impart to the finished mixture a pure white colour, it is 
usual to stir air into the fat until it acquires a salvclike consistence. 
The stirring with air must not, however, be carried too far, as otherwise 
the lard substitute not only becomes more liable to rancidity but also 
acquires a foamy consistence. 

In some German works lard substitutes are finally treated with 
onions and condiments, so as to impart to the product the taste of a 
cooking fat. They are frequently sold under the name “ Bratenfett ” 
(“ culinary fat,” “ dripping ”). 

The examination of these substitutes is carried out on the lines fully 
indicated under “ Lard ” (Vol. 11. Chap. XIV. p. 689). 

The quantitative determination of the constituent fats of a given 
lard substitute is a difficult problem, which cannot always be solved 
satisfactorily. 

The proportion of cotton seed oil can be calculated approximately 
from the iodine value of the liquid fatty acids of the sample and the 
iodine values of the liquid fatty acids of lard and cotton seed oil. For 
the last two products mean values must be assumed. Wesson and Lane d 
basing themselves on a series of experiments, proposed for the approxi- 
mate calculation of the cotton seed oil in a lard substitute, the following 
formula : — 

a - b j 

. x ■. -=x 

r - b k 

where 

a— Iodine value of liquid fatty acids in the sample. 
b Iodine value of liquid fatty acids of lard. 
c-=Iodine value of liquid fatty acids of cotton seed oil. 
j=d\>r cent of liquid fatty acids found. 

/*= Per cent of liquid fatty acids in cotton seed oil. 
a^Per cent of cotton seed oil. 

The results are stated to be nearly correct if the separation of the 
solid from the liquid fatty acids is effected with petroleum ether. If 
ethylether be employed the results are said to be from 3 to 5 per cent too 
low. Wesson and Lane propose to determine the amount of oleostearinc 
by subjecting the sample to Wesson’s cooling test. The principle of this 
test rests on the observation that a mixture of oleostearinc and cotton 
seed oil of known titer test crystallises at a much higher temperature 
than does pure lard of the same titer, and on the further observation 
that a mixture of lard oil and lard stearine crystallises at a much lower 

1 Journ. Soc. Chem. hid 1905 714. 
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temperature than does a mixture of the same amount of lard oil with 
oleostearine. The approximate amount of oleostearine in a given lard 
substitute may therefore be derived by observing the manner of its 
crystallisation side by side with that of a known mixture f , in an apparatus 
fitted up as follows : A piece of wood about eight inches square and 
half an inch thick is pierced with eight holes, in which (up to) seven test 
tubes and a thermometer are inserted. This boar cl is laid on the top 
of a 600 c.c. beaker. The beaker itself is fitted into a thin piece of 
board, which in its turn is laid on the top of a wider beaker, holding about 
2000 c.c. 

After the amount of cotton seed oil has been ascertained with 
the help of the above given formula, the titer test of the sample is 
determined in the manner directed by Circular No. 22 of the United 
States Department of Agriculture (see Yol. I. Chap. VIII.); and the 
approximate amount of oleostearine (the average titer of which is taken 
as 50° C.) in it, x is calculated with the aid of the following formula : — 


3700-376 A10 
a-b - ~0'13a; 

1UO 


where 


a — Titer test of tho sample. 
b =Tho percentage of cotton seed oil found. 

6'— Tho figure 33 is the average titer of cotton seed oil 


100 


and 37 the average titer of lard. 


Thus, in a given sample, the amount of cotton seed oil was found to 
be 40 per cent and the titer test 38° C., whence the proportion of oleo- 
stearine was calculated as 20 per cent. 

A number of standard mixtures are then made up, one containing 
the amount of cotton seed oil, oleostearine, and lard as calculated, the 
others 5 and 2*5 per cent above and below the amount of oleostearine 
indicated by the last formula. The standards and the original samplo 
are carefully dried and filtered (as moisture or solid particles of dust 
seriously interfere with the results). The test tubes arc half filled with 
the samples and kept at the same temperature in a beaker filled with 
hot water. The 600 c.c. beaker is then filled with boiled out distilled 
water, and allowed to cool to about 40° 0., according to the melting 
point of the sample. The test tubes arc next corked, put through the 
holes of the board and placed on the 600 c.c. beaker, so that the lower 
ends are at a distance of about half an inch from the bottom of the 
beaker. The thermometer is so inserted that its bulb is in the lower 
half of the water. The 600 c.c. beaker is then placed in the 2000 c.c. 
beaker, and the apparatus allowed to cool. When the oleostearine 
commences to separate in the sample, it is compared with that standard 
te^ tube which most closely approximates it in appearance. Thus the 
amount of oleostearine present in the sample is arrived at with some 
accuracy. The first indications of crystallisation are generally correct, 
but must not be taken as decisive, for with the further fall of the tem- 
perature another standard might yield a more correct figure. The 
authors of this method state that the results are accurate to about 
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2 per cent, and that 3 per cent to 5 per cent of oleostearine in a lard 
substitute can be easily detected. 

The examination of the unsaponiliable matter should not be qmitted, 
since patents have even been taken out for lard substitutes containing 
mineral oils. 

The extent which the lard substitutes industry has reached may 
be gathered from Jhe following table, in which the amounts of lard 
substitutes and lard compounds (cottolene, lardine, etc.) exported 
from the United States are given : — 


Year. 

libs. 

Dollars. 

Year. 

Lbs. 

Dollars. 

1891) * 

1,709,923 

102,279 

1905 

61,215,187 

3,613,235 

1897 

16,201,991 

857,708 

1900 

67,621,310 

4,154,183 

1898 

21,343,028 

1,118,659 

1907 

80,148,861 

6,166,910 

1899 

22,144,717 

1,200,231 

1908 

75,183,210 

6,035,418 

1900 

25,852,686 

1,475,064 ] 

1909 

1 75,183,196 

6,115,307 | 

1901 

23,359,966 

1,559,878 I 

1910 

74,556,603 

6,887,738 

1902 

30,201,744 

2,687,653 ; 

1911 

: 73,754,400 

7,070,967 

1903 

46,130,004 

3,607,542 | 

1912 

62,522,888 

5,183,689 

1904 

53,603,545 

3,581,813 ! 

1 

i 




(4) Cacao Butter Substitutes --Chocolate Fats 


French— SuccManes dn Beurre do Cacao ; Grais.ses de Chocolal. 
German — Kakaohidter surrogate ; Schokoh deaf cite. 


The natural chocolate fat is cacao butter (Vol. 11. p. 579). 

The best chocolates were formerly made from the comminuted 
cacao bean mass by the addition of sugar, etc. Thus the whole of the 
natural fat was left in the mixture. Lower kinds of chocolate were 
obtained by expressing the mass, leaving only about 30 per cent or even 
10 per cent or 12 per cent of cacao butter, and replacing the removed 
cacao butter by cheaper fats. Since a demand for ;k fondants ” and 
“ pralinecs ” lias arisen, tlm amount of fat naturally present in cacao 
beans no longer suffices ior the satisfactory manufacture ol these 
products, and a further amount of fat is required. This is furnished by 
those works which prepare cacao powder, or have a surplus of cacao 
butter from the manufacture of low class chocolates. A greatly in- 
creased demand for cacao butter has also arisen since it was found that 
for each part of cacao fat added to the mass, six parts of flour coukl be 
admixed without altering the appearance of the finished chocolate. 

Cacao butter being one of the most expensive fats, a demand for 
cheap substitutes has arisen. Animal; fats are, as a rule, unsuitable 
for chocolate manufacture, for, unless they are refined carefully, they 
are apt to impart an unpleasant flavour (“ animal flavour ) to the 
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chocolate. Hence chocolate fat substitutes are mostly prepared from 
vegetable fats. 

Thai chocolate fat substitutes in vogue at present are obtained from 
cocoa nut oil or palm kernel oil, refined as described under (fS) “ Veget- 
able Butters.” The original oils being too “ soft/’ i.e. having too low 
a melting point, the “ stearines ” from cocoa nut oil and palm kernel 
oil are prepared by melting the refined cocoa nut oil and palm kernel 
oil, and allowing to cool down to a suitable temperature so that the 
glycerides of the solid fatty acids crystallise out. The partly solidified 
mass is then expressed in hydraulic presses (much in the same fashion as 
“ premier jus ” is obtained) to remove the cocoa nut or palm kernel 
‘ c oleine.” According to the leugtli of time during which the crystallised 
mass is allowed to stand under pressure, and according to the pressure 
and temperature employed, the melting point of the cocoa nut or palm 
kernel stearine varies. 

The ethereal extract from a chocolate containing cocoa nut oil has 
a different appearance after drying in a current of air to that obtained 
from a chocolate containing its own natural fat. W (inters 1 states that 
10 per cent of cocoa nut oil may thus be detected. 

In the following table the results of an examination of a number 
of substitutes are given (op. also the physical and chemical character- 
istics tabulated, Vol. II. p. 640) 


Cacao Batter {Substitutes (LewJcowitsch) 


Xn. 

Acid 

Saponification i 

Iodine 

Melting Point 

i Itoichert- 

Insoluble 


Va lue. 

Value. J 

Value. 

(Closed Capillary Tube). 

.Meissl Value. 

Volatile. 

1 

0-43 

250-81 


28-3-28-5 

3-52 


2 

1-63 

230-52 


28-3-28-85 

4-03 


3 

0-392 

; 250-21 


27-7 

4-20 


4 

0-971 

! 249-01 


31-0 

•4-89 


5 

0-825 

1 233-40 


31-02 

| 3-48 


6 

0-55 

247-99 


27-75 

3-24 


7 


254-3 

00 

25 

| 0-34 


8 


! 


28-0 

3-03 


9 

0-311 

! 244-4 

8*40 

20-0 

7-48 


10 

0-484 

24i-9 ; 

9-07 

27-2 

! 8-1 


11 

... 

; 


29-4-30-2 

(31-0 over mercury) 

| ... 

... 

i 

12 

0-248 

I 

••• 


... 1 

13 

0-230 





... 

14 

019 






15 

1-34 






10 

1-52 






17 ; 

I 1-44 






18 

! 0-51 

257-4 


28-31 

5*88 

li-59 

19 

0-50 

250-5 1 


31-34 

5-51 

10-20 

20' 

0-04 

252-0 


. 30-33 

5-32 

11-32 

21 







22 







23 








VII. Inter. (Jong. App. Chan., 1909, Sec. viii. 191. 
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Cocao Butler Substitutes (Boutoux) 


1 ' 

| 'No. 

Acid 

Value. 

Saponification i 
Value. j 

# | 

Iodine Value. 

, Melting Point I 
(Closed Capil- j 
; lary Tube), j 

Reichert- Meissl | 
Value. j 


0-5 

255-258 

42-5-2 

29-2 

340-382 

! 2 ' 

0-5 

250-252-3 | 

5-0 -0-2 

31-8 

2-33-2-50 ! 

! 3 | 

0-6 

252-2-252-5 i 

8-3 

320 

2-48 

; 4 

0-7 

252-9 

10-5 

29-2 

4-80 i 

1 s | 

0-7 

248-4-251-8 

15 2 

! 27-5 

1 0-0 

o 

0-7 

242-5 | 

3-8-5-0 

I 32-2 

' 20-2-1 i 

[ 7 

M 

193-1 i 

31-9-32-3 

! 30-9 

0-95 | 

8 i 

• 1-2 

199-4 | 

35-5-30-7 

30-5 

2- 10 2-29 


Since the melting points of the commercial cocoa nut “ stea lines 
(sold under fancy names, such as “ cacaoline, ’’ “ cocoline,” etc.) are 
still somewhat too low for the purposes of the chocolate manufacturer, 
they in their turn are bfcing “ stiffened,” i.e. adulterated, with small 
quantities of animal fats. It has even been stated that .Japan wax 1 
has been admixed to raise the melting point. Mineral waxes, like 
paraffin wax, and ceresin, should be considered as inadmissible adulter- 
ants, as they arc indigestible, although as much as 8*4 per cent of 
paraffin wax has been found by the author in commercial specimens. 

In the analysis of chocolate the determination of the amount of milk 
products has become of importance (milk chocolate, cream chocolate). 
The presence of butter will be shown in the absence of eocoa nut oil by 
the Beicherl-Meissl value. If cocoa nut oil is present the phvtosteryl 
acetate test will give the readiest answer. For the determination of 
the casein Baler 2 gives the following method : 10 grins, of the fat- 
free chocolate are mixed with 200 c.c. of a 1 per cent solution of sodium 
oxalate in a 250 c.c, measuring flask. The mixture is boiled and allowed 
to stand overnight, the flask is then filled up to 250 c.c, and the contents 
filtered. 100 c.c. of the filtrate are mixed with 5 c.c, of a 5 per cent 
solution of uranium acetate and 30 per cent acetic acid added drop by 
drop until a precipitate results. The precipitate is separated off m a 
centrifugal and washed with a solution containing 5 per cent uranium 
acetate and 3 per cent of 30 per cent acetic acid until free from sodium 
oxalate. The nitrogen in this is determined by Kjehlahl's method and 

calculated to casein. . 

In the following table some analyses of milk chocolates are given : 


1 Posaetto, (.Horn. Farm. China, 1901 (51), 337. r . , . * 

a Zeits.f. angew. Chem., 1909, 1335 ; ep. also Dubois, United State s Dept, of Ague. 

Bureau of Chem , 1913 (10‘i), 130. 

:t Booth, Crib, and Richards, Analyst, 1909, 146. 


[Table 
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i English (10 Samples). 

Mean? 


Min. 


Max. 


I 


Swiss, German, Austrian, 
and Belgian (10 Samples). 


Max. I Mean. 


Per cent. Per cent. Per cent. Per cent. Per cent. Per cent. 


23-7 30-0 


31-8 


j Total fat 
Made up of — 

Milk fat 
Cocoa butter 
Milk sugar 
| Cane or beet sugar 
! Nitrogen 


2*0 , 8-3 5*5 

21*0 3 Hi ! 26*3 

3*8 111 ! 8*04 

32-4 54*3 i 43*2 

0*70 1-C8 ; 118 


4 29*2 

33*4 

30-8 

5*8 

13*6 

8*1 

15 G 

23-8 

22*7 ; 

5*2 

11-0 

8-26 ! 

350 

52*7 

i 42*0 i 

110 

1*30 

1 1-24 


Sachs 1 states that dika fat, Borneo tallow, and illipe oil are used 
as chocolate fats, either alone or in admixture with cocoa nut and 
palm nut stearines. 2 

The examination of these products embraces the determination of 
the melting point, detection of unsaponifiable matter, and- of animal 
fats. 

For the examination of the fat used in the manufacture of a given 
chocolate, the latter may be extracted with ether or with petroleum 
ether (op. Vol. 11. p. 584). A. Kreulz 3 proposes the extraction of choco- 
late with solid chlnral-alcoholute (cp. also Bor das and Ton plain 4 * ). For 
the analytical examination of chocolate (which necessarily falls outside 
the scope of this work) op. Booth , Crihh, and Richards!* 

Under the heading of edible oils and fats would also seem to fall 
those oils and fats, or preparations containing them to a preponderant 
extent, that are used for medicinal purposes. They can only be noticed 
very briefly in this work : - 

1. Effervescent Oils.— (See p. 23.) 

2. Phosphorised Oils. — (French — Hailes phosphorees. German — 
Phosphorate.) — Those oils are prepared by dissolving dry phosphorus 
in edible oils in the absence of air. The quantity of dissolved phos- 
phorus is about 1 per cent (cp. Vol. I. Chap. IV.). The most suitable 
oil for the manufacture of phosphorised oil is said to he almond oil ; 6 
the oxidation of the phosphorus is said to be best prevented by the 
addition of 1 per cent of limonene. 7 

3. Castor Oil Preparations.— In order to render castor oil less 
distasteful when taken internally, preparations are put on the market, 

, 1 Chan. Rente, 1908, 9. 

- Up. Lewkowitsch, Cantor Lent urns : “Oils and Fats : their Uses ami Applications,” 
190*1. 

:t Zeits. /’. 11 nters. d. Xahnjs- n. (lemtssm ., 1908, xv. 680 ; xvi. 585. 

4 Ann. des falsi/., 1908, 12. 

5 Analyst, 1909, 134. 

0 Korte, Phans. Zal., 1908, 53,655. With regard to the keeping properties of 
phosphorised cod liver oil, cp. Heiduschka, Archie/. Kind erheilk mule, 1906 (33), 1 ; 
Schweissinger, PhurniAXcnlralh., 1909, 75. 

7 Bohrisch, Pfiarni. Zenleolh., 1909, 597. 
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made by evaporating a mixture of castor oil with milk until a dry 
powder is obtained (W inter nitz 1 ), or by mixing salts of casein and milk 
sugar with castor oil. 2 

Witli the same object in view, namely, to convert castor oil into 
the form of a dry powder, emulsions of this oil with gum arahic are 
mixed with magnesi^ powder 3 and lecithin. 

Allophanester of castor oil C 3 H 5 0 3 ((J(> 
obtained by boiling a solution of castor oil in benzene with hydro- 
chloride of urea. It forms a white powder, melting point 61°-62° C. 4 

4. Cod Liver Oil Preparation. — Jn order to render cod liver oil more 
palatable it is emulsified 5 with solutions of gum arahic, sugar, etc., 
to which^are added the hypophosplutes of soda, potash, and lime and 
also lecithin (cp. also p. 22) or malt extract. 


II.- -BURNING OILS. ILLUMINATING OILS 

French— Hailes d' eclat rage ; Hailes a brulcr. German — Bren note, 
Leuchtole. Italian — Olii da hum. 

In the earliest stages of the history of the human race animal fats 
were used as illuminants. No doubt the first torches were made with 
the aid of blubber oils, bear fat, deer fat, etc. The employment of 
vegetable oils for illuminating purposes must have constituted an 
important progress, as not only receptacles for the oil but also wicks 
(made from the pith of rushes) had to be invented. In semi-civilised 
countries every kind of oil or fat that was obtainable locally would 
thus have been pressed into the service of mail, and it must be ascribed 
to this circumstance that even at present in these countries fatty oils 
and fats are used as burning oils to the exclusion of mineral oils. Thus 
even butter fat serves to-day as a burning oil in the Hindu temples of 
Southern India (where cow ghi only may be used) and in the lamaseries 
of Tibet. 

Up to the middle of the last century fatty oils (olive oil and rape 
oil) were the illuminants throughout Europe ; even at present linseed 
oil and castor oil are largely used as burning oils in India, as is tung oil 
in Japan. 

Although the development of the mineral oil industry has caused 
a great reduction in the amount of fatty oils used for illumination, 
nevertheless their employment is still considerable, thus enormous 

1 German patent. 150, 554. 

2 German patent 152,596. 

2 May, Joum . AW. Chon. hid.. 1909, 826. ( 

4 German patent 211,197, Veiriuitffe Chimin. 'Fuhnk % Zimmer ami Co. 

•' Bboard, English patent 492, 1908 ; Hamburg, .English patent 29,481, 1912 : Kawai 
and Miwa, English patent 15,403, 1812; Weiss, English patent 418, 1910 : Borthroyd 
and Woolisuroft, English patent -1623,', 1909. 
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quantities of rape oil are used on the railways in this country, as is lard 
oil in the United States and olive oil in Italy. The best brands of seal 
oil arfd whale oil are employed as illuminants in lighthouses. Whale 
oil in Norway serves largely for lighting the streets. f 

The technical preparation of these oils has been described in the 
foregoing chapter. Their examination comprises tests for purity and 
the determination of free fatty acids. The former include the detection 
of mucilaginous substances and of other impurities, such as mineral 
substances (ash), the presence of which is due to faulty refining. The 
impurities rise with the oil in the wick and are apt to clog it up, so that 
carbon is deposited, and the flame becomes smoky. 

The determination of the free fatty acids is important, as oils 
containing more than 5 per cent of free fatty acids are unsuitable for 
burning, since they also cause charring of the wick and produce a smoky 
flame. As rape oil is usually refined with sulphuric acid, burning oils 
must be tested for mineral acids by shaking a somewhat large quantity 
of the oil with warm water and examining the aqueous solution (cp. 
Vol. I. Chap. IV. “ Lubricating Oils ”). 

Since drying oils and the semi-drying oils of the cotton seed oil 
group are unsuitable, their absence in a given burning oil must be 
ascertained by the methods given in the foregoing chapter. 

The importance of these tests to large consumers may be gathered 
from the fact that lard oil adulterated with 25 per cent of cotton seed 
oil will not burn for longer than six to eight hours without clogging the 
wick, whereas pure lard oil will burn as long as twelve to fourteen 
hours. 

The semi - drying oils belonging to the rape oil group occupy a 
prominent place amongst the burning oils in general use. The most- 
important member of this group is rape oil (East Indian, German, 
French) itself. The best quality is represented by an expressed oil ; 
extracted oil is less suitable. Jamba oil is distinctly inferior to the 
genuine rape seed oils, for although it may be considered a good burning 
oil, it does not burn as well as does “ colza oil.” Colza oil will burn for 
days without charring the wick, but Jamba oil clogs the threads much 
sooner. Jamba oil in its turn is superior as a burning oil to ravison oil, 
and therefore takes its place between ravison oil and best East Indian 
rape oil. 

Of the non-drying oils olive oil was, and still is, extensively used 
in the Mediterranean countries, especially in Italy and Greece. No 
doubt to the latter country is due the custom of the Greek Orthodox 
Church to burn olive oil before the ikons. Olive oil for ritual purposes, 
“ sanctuary oil,” is now being fraudulently substituted in Russia by 
mixtures of cocoa nut oil (35 parts), rape oil (5 parts), and mineral oil 
*(65 parts of the specific gravity 0*86). 

A large number of oils bearing fancy names, such as “ signal oils,” 
“ weather oils,” are mixtures of fatty oils with mineral oils. These 
arc examined according to the methods described under the heading 
“ Lubricating Oils.” 
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III.— PAINT OILS 

French — Huiles siccatives. Herman- — M (derole . 

Under the term paint oils ” are comprised those vegetable oils 
which are used as vehicles for 'applying pigments to the surface of 
bodies, either as a preservative or for decorative purposes. Only the 
vegetable drying oils are useful ; the paint oil par excellence is linseed 
oil. In the manufacture of high-class white paints for the use of artists, 
cold pressed walnut oil and poppy seed oil are employed in considerable 
quantities. 1 Tung oil, although a drying oil, is unsuitable for the 
manufacture of paints, as the skin which it forms on drying is soft and 
easily destroyed on exposure. It is, however, of value to the varnish 
maker. According to Gardner , 2 the best drier for use with lung oil is 
lead salt of the tung oil fatty acids fused with a small proportion of 
rosin and borate. The semi-drying oils, such as soya bean oil, cotton 
seed oil, and maize oil, are unsuitable as paint oils. 

A comparison 3 of the rates of drying of some raw oils by exposing 
a film of oil on glass plates to a brisk current of air showed t hat linseed 
oil attained its maximum increase of weight after seven days. Chinese 
tung oil attained its maximum two days later, but gave an opaque film 
of frosted appearance. Fish oils reached their maximum increase in 
less than four days, but even after twenty days a skin had not formed. 

The examination of these oils chiefly embraces tests for purity. 
The detection of adulterants, such as mineral oils, rosin oils, 4 and fish 
oils, has been fully described under t he heading of linseed oil, etc. Fish 
oils, especially menhaden oil, were used in considerable quantities to 
adulterate linseed oil when the price of the latter was high and a large 
number of linseed oil substitutes, consisting of linseed oil adulterated 
with fish oil, mineral oils, and rosin oils, were then placed on the market. 
Adulteration has, however, become much less frequent. Attempts 
have been made to convert heavy hydrocarbon oils into oils which will 
dry without leaving an oily residue by treating such heavy oils with 
steam at high temperatures. 5 The preparation of drying oils from fish 
oils by treatment with steam at high temperatures whereby the glycer- 
ides of the unsaturated fatty acids become polymerised has been 
patented by KampfeS' 

If the oil in a ready mixed paint has to be determined quantitatively, 
it must be separated from the pigment by extraction with ether 
(cp. p. 144). The examination of the oil itself is carried out by the 
methods detailed in the foregoing chapters. In the manufacture of 

1 Op. E. Tauber, Chem. Zed., 1909, 8b, 94. 

2 Journ. Franklin Inst., 1911, 55; Eighth Int. Cony. Appl. Chan., 1912, Section 
V e , 33. 

3 Redman, Weith and Brock, Journ. hui. and Eng. Chew., 1913, 630. 

4 French patent 398,813 (Silvcstrini) protects an alcoholic solution of rosin oil. 

5 Greenstreet, French patent 446,475. 

(i English patent 15,012, 1912. 
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coloured pencils the use of blood serum as a binding agent lias been 
patented. 1 

In 'judging of the value of a drying oil for leaking paints, the effect 
of the pigment with which the oil is to be ground must not be lost sight 
of, 2 inasmuch as some pigments greatly facilitate the drying, whereas 
others retard it to such an extent that driers must necessarily be added. 3 
A pigment consisting of the cyanamide of heavy metals, such as 
copper, has been advocated for the manufacture of paints suitable for 
preserving wood and iron. 4 5 

It should be noted that oils extracted bv solvents are not suitable 
for the manufacture of high-class paints. 

Since paints for common use are chiefly prepared with “ boiled 
oils,” the reader is referred for further information to the section on 
“ Boiled Oils ” (p. 131). 

The consideration of the toxic properties of the vapours evolved by 
paints during the process of drying falls outside the scope of this work. 
The reader must, therefore, be referred to the orginal papers by Gardner r ’ 
and by French . 6 


IV.- LUBRICATING OILS -LUBRICANTS 

French — Hades luhrifianles, H idles de (jrais sage. German — Schniierole, 
Scfmiermittel. Italian — 01 ii luhrifanti. 

Before the advent of the industry of preparing lubricating oils 
from mineral oils, especially those from petroleum, the lubricating 
oils in use were almost exclusively represented by fatty oils, solid fats, 
and liquid waxes (see “ Technology of Waxes,” below). Hence the 
examination of lubricating oils formed a distinct province of fat analysis. 
Within the last decades the mineral oil industries have made such 
striking advances that their products have greatly restricted the 
employment of fatty oils for lubricating purposes and practically 
relegated these to a subsidiary position, inasmuch as they are chiefly 
used in admixture with mineral oils. Hence mineral oils, and mixtures 
of fatty oils with mineral oils, must be considered here briefly. 

The solid lubricating greases also fall within the purview of fat 
analysis, and will therefore be dealt with at the end of this section. 

Owing to the great technical importance of this subject, a number 
of works have been published, treating solely of lubricating oils and 
lubricants. Here only a concise survey of the subject can be given, 
and readers requiring special information must be referred to the works 

1 Bussenroth, German indent 261,559. 

’ 2 Eilmer, Ghent. Zril . , 1911, 758. 

:{ Cp. hotter, Ghnn. Zeit ., 1894, 1696. 

4 Fallotii, German patent 263,622. 

5 Oil and Colour Trades Journ ., 1914, 1000. 

« Ibid., 1914, 1818. 
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mentioned in the footnote . 1 The author subdivides the lubricants 
into four groups : — 

1. Fats (Fatty Oils and Solid Fats)— Liquid Waxes, 

2. Mineral Oils. 

3. Blended Oils (Mixtures of 0 roups (1) and (2)). 

4. Greases, Sol)d Lubricants. 

Strictly speaking, the “ wool oils ” belong to lubricating oils, but for 
practical reasons it is more convenient to consider them under a special 
heading (see below). It may be noted hero that mineral oils or 
emulsions of a mineral oil with a solution of soap in water are used for 
oiling the inside of pottery moulds for the purpose of facilitating the 
removal *of the moulded ware. Petroleum burning oil is also used 
for this purpose. 

In a wider sense also aqueous emulsions of soap and oils used for 
purposes of lubrication (e.<j. for cutting tools) belong to the lubricating 
oils. They will be treated of more conveniently under the separate 
heading “ Emulsified Oils ” (‘* Emulsion Oils ”). 


1. — PATTY OILS AND SOLID EATS -LIQUID WAXES 

The most important fatty oils used as lubricants are tallow oil, lard 
oil , 2 neat’s foot oil, olive oil, rape oil, and castor oil. Tallow also is still 
largely employed. For delicate machinery hazel nut oil, porpoise oil, 
and dolphin oil (black fish oil) have come into vogue. Cocoa nut oil 
is not suitable for lubrication. 

The vegetable drying oils, the semi-drying oils belonging to the 
cotton seed oil group, fish oils, liver oils, and blubber oils (with the 
exception of porpoise and dolphin oils) are not suitable for lubricating 
purposes ; hence their admixture with the above-named lubricating 
oils must be looked upon as adulteration. 

The liquid waxes, sperm oil and Arctic sperm oil, which are fittingly 
considered here, are excellent lubricants, and arc used almost exclusively 
for the lubrication of light machinery and of spindles. 

The manufacturing and refining processes have been described under 
the heading of each oil, fat, and wax in the foregoing chapter, where 
also the methods of detecting adulterants will be found. The amount 
of unsaponifiable matter in the vegetable and animal lubricating oils 
should be small. The liquid waxes yield, of course, considerable quan- 
tities of alcohols, which are comprised in practice under the name 
“ unsaponifiable matter,” 

1 (Jrossniann, Die Schmmniltel, Wiesbaden, 1909 ; Carpenter- Leask, Son/ is and 
Candles, chap. xii. (written by J. Veitcli Wilson) ; llolde, Die Cntersnchiunj dev Sehmiev- 
viiltel, Berlin, 1897 ; Arch butt and Deeley, Lubrication and Lubricants, London. 1900. 

- Lard oil was up to recently the standard oil used by the United States Navy 
Department when testing lubricating oils. 
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2. — MINERAL OILS 

i 

The mineral oils used for lubricating purposes afe chiefly derived 
from crude petroleum, shale, and lignite. They arc represented by 
hydrocarbons (saturated, 1 closed - chain hydrocarbons [naphthenes] 
unsaturated) boiling above 300° C. Their specific gravities lie above 
0-840. 

With the exception of Texas oils, which yield spindle oils of specific 
gravities from 0-918 to 0-955, the oils of a specific gravity up to 0-900 
are almost exclusively products of distillation. The mineral oils derived 
from crude petroleum are obtained by simple distillation, after the 
hydrocarbons boiling below 300° 0. have been driven off, in a current of 
steam with or without the aid of vacuum. The mineral oils {hen pass 
over practically without undergoing any decomposition. Shale oils 
and lignite oils are obtained by destructively distilling shale and lignite 
respectively. 

Mineral lubricating oils of a specific gravity exceeding 0-910 are 
either " concentrated 55 (“ reduced ”) oils, or distilled oils. The former 
are obtained by distilling off the lower boiling hydrocarbons from 
petroleum until a residue of such concentration remains behind, that 
after refining by filtration, 2 etc., it becomes suitable for lubricating 
purposes. The latter oils are prepared by distilling the residues, 3 
obtained after removing the lower boiling hydrocarbons, in a current 
of steam at the ordinary pressure or in a vacuum, so as to prevent 
“ cracking." Distilled oils containing products of destructive distilla- 
tion are unsuitable for lubricating purposes. 

A patent for tin; conversion of heavy mineral oils into hydrocarbons 
of a low boiling point has been taken out by Zernwg . 4 

Tar oils 5 are chiefly employed as admixtures to “ greases ” (cp. 
below). 

A description of the details of the manufacture of these oils falls 
outside the scope of this treatise. 


3. — BLENDED OILS 

Mineral oils are miscible with all fatty oils — excepting castor oil — 
and liquid waxes. Extensive use is made of this property in practice ; 
hence a large number of commercial lubricating oils consist of a mixture 
of the two kinds of oils (cp. p. 78). Castor oil can be made miscible 

1 Mabery and Mathews ( Jmtrn . Awer. (Jhcni. Soc., 1908, 992) show that the 
saturated hydrocarbons, C„H l2 n.f 2 » have very little lubricating value ; on comparing oils 
having the same boiling points, but belonging to different series, it is found that the 
viscosities and specific gravities increase with the decrease of hydrogen iu the molecule. 

2 The use of liquid sulphurous acid for refining petroleum has been protected under 
the German patent 216,459. 

3 A distilling apparatus for hydrocarbons has been patented by Turner, English 
patent 25,832, 1912. 

4 Italian patent 339/202/130,588. 

5 For a lubricating oil from water gas tar cp. T. O. Kent, German patent 194,372. 
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to a certain extent with mineral oils by mixing it first with a fatty oil 
such as tallow oil. The solubility of castor oil in some lubricating oils 
is given in the following table due to Archbutt : l — 


Miscibility of Castor Oil with ' Mineral Oils 


• 

Mineral Oil. 

Specific Gravity 
at 15-6* C. 

c.c. of Mineral Oil 
miscible with 

10 C.O. of Castor Oil 
at 50“ F. 

Scotch shale . 

0-865 

37 

American 

0-890 

2-45 

0-907-0-912 

1-7 


In order to render castor oil more readily soluble in mineral oils, 
Nordlinger 2 first heats the castor oil to about 300° C. under ordinary 
pressure. Boyer , Cavitton, and Barishac 3 heat a mixture of castor oil 
and mineral oil with fatty or mineral acids. Common 4 heats castor 
oil to about 500° F. in an open vessel with about 1 per cent of a reducing 
agent such as formaldehyde. Other patentees heat the oil to 300° C. in 
an autoclave. 5 Be Hemplinna (} treats a mixture containing 50 per cent 
of a vegetable or animal oil with the silent electric discharge whereby 
the mixture is rendered more viscous. It should, of course, be re- 
membered that castor oil thereby undergoes a very important chemical 
change (cp. Vol. II. p. 396, and below). Common and Hull Oil Manu- 
facturing Cof propose to render castor oil more miscible with mineral 
oils by heating castor oil with 4 per cent of formaldehyde to 500° F. in 
an open vessel (for four hours) until a sample will mix with mineral oils 
without subsequent separation of the mixture. Oil so treated is then 
ready to be thickened by blowing at about 250° F. in the usual manner. 
“ Blown oils ” (see below) also are largely mixed with mineral oils or 
with blends of mineral oils and fatty oils. In this connection it may be 
pointed out that paraffin oils of different origin show striking differences 
as regards miscibility with fatty oils. 


4.- -GREASES -SOLID LUBRICANTS 

This class of lubricants is prepared from a great variety of fatty 
oils, solid fats, mineral oils, tar oils, rosin oils, alkali soaps of fatty acids 
or (and) rosin acids, and from lime- and aluminium soaps of fatty acids 
or (and) rosin acids. It is a matter of historical interest that Raccz 
was the first to propose the use of the lubricating grease obtained by 
dissolving lime soap in mineral oil about fifty years ago. These greases 

1 Aro.hlmtt ami Dreley, Lubrication ami Lubricants^ p. 110. 

2 German patent 104,100. 

"• English patent 15,497, 1909 ; French patent 491,992. 

4 English patent 15,466, 1908 ; French patent 397,749. 

5 Olwerke, Stern-Sonnehorn. 

« English patent 15,748, 1909 ; French patent 440,843. 

VOL. Ill F 
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are either solid or semi-solid (jelly-like, gelatinous) at the ordinary 
temperature. In some cases water is introduced together with the soaps ; 
in other cases weighting substances, or talcum, or plumbago, are mixed 
into the fatty substance. The examination of these lubricants will be 
detailed below. 


Examination and Valuation of Lubricating’ Oils 

The examination of the lubricating oils described under (1), (2), 
and (3) embraces the application of 'physical and chemical methods. 
These may be supplemented, in the case of large users, by mechanical 
tests. 


I. Physical Tests 

The physical tests comprise the determination of the specific gravity, 
the viscosity, the freezing point, the hash point, and of the ignition 
point. 

Specific Gravity. — This is determined as described, Vol. I. Chap. V. 
It may again be pointed out that this characteristic affords little or no 
information as regards the lubricating power of an oil. The specific 
gravity number is, however, useful in determining the kind of work for 
which a lubricating oil is suitable, and serves as a test of identity (e.g. 
of Borneo oil, which is characterised by very high specific gravity ; see 
Vol. I. Chap. IX.), and assists in directing attention to adulteration with 
rosin oils or tar oils (cp. Vol. I. Chap. IX.). 

Viscosity. — For its determination compare Vol. I. Chap. V. The 
viscosity number does not furnish an absolute means of determining 
the lubricating value of an oil, although it enables one to draw certain 
conclusions. 1 Thus, if the viscosity is low, the film of oil which keeps 
the bearings of rapidly moving machinery apart is not sufficiently 
coherent to keep the metal surfaces asunder, and therefore the friction 
between them is not sufficiently diminished. Again, if the viscosity 
of an oil be high, the resistance of the film is so great that heating occurs, 
and the bearings become warm, or even hot, the heat so generated being 
proportional to the internal friction of the oil, or in other words, to its 
viscosity. That oil will prove the best which under given conditions 
of speed, pressure, and temperature has the lowest permissible viscosity. 
Petroff 2 rejecting the usual method of determining the viscosity, prefers 
to measure the internal friction of oils, i.e. the absolute viscosity. More 
recently Archbutt and Deeley 3 determined the absolute viscosities 4 of 
glycerin and water. Since, however, the viscosity, expressed in terms 
of absolute viscosity, is not likely to replace in the immediate future 
the customary manner of expressing viscosity ; furthermore, since it 

1 Pylialii, Vdrokum, 1911, 207. 

,J (liossmann, Dir. Srhmicrmffd, pp. 42-19. 
fjitbriraivHt and Lubricants, p. 126. 

4 Cp. also Chencvicr, Moniteur scieut., 1898, 785. 
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would follow from Petrojf’s observations that at a given temperature 
the order of the oils with respect to their internal frictions is the same 
as that of their lubricating powers and their viscosities as ascertained 
in the usual manner, the reader must be referred for further information 
on absolute viscosity to Archbutt and Deeley's work, also Higgins. 1 

If it is desired tq examine the unsaponifiable portion of a blended 
oil viscosimetrically, the viscosimeters described in Chapter VL will, 
as a rule, be found too large. In such cases Hunkier' s viscosimeter, 
requiring only 30 c.c., may be found 'useful. 



Fig. 1 


Kinkier’ s 2 viscosimeter (Fig. 1) consists of a sheet brass oil-bath or 
water-bath, w, provided with a copper bottom. The content* o the 
bath may be heated by a gas burner. The temperature of the heating 
liquid /read ofi a thermometer held by *. The bath eon arns the 
removable stand d placed firmly on four legs, and supported by two 
brackets h. In this stand fits tho viscosimeter made of strong glass 
and consisting of the charging-funnel k, the bulb e bearing the mark /, 
the capillary tube c, the lower bulb a, and the ascending tube b. T e 

' .Toum. Hoc. Ohm. hid., 1913, MS. 2 ^ Jimm - 290 ’ 281 ’ 
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whole apparatus is held in position by the spring-clamp i. The tem- 
perature of the contents of the viscosimeter is controlled by a thermo- 
meter fixed in Jc. The ascending tube b is supported by l ; it is fitted 
with a tap, m, and connected by means of india-rubber tubing with the 
suction apparatus r , in which the mercury used for aspirating. the oil 
is allowed to rise up to the mark p. Bulb t serves as a receptacle for 
the mercury. The can y is used for warming tfie oil to the desired 
temperature. 

The apparatus is gauged with a dilute glycerin solution of specific 
gravity 1*110 at 20° C. ; the time required for its outflow at 20° C. is 
taken as unity. For temperatures up to 100° C. mercury is used as the 
aspirating liquid ; for higher temperatures water is preferred. The 
heating vessel w is filled with water for temperatures up to 100° 0. ; for 
temperatures above 100° C. a mineral oil of suitable boiling point is 
taken. 

The test is carried out in the following manner : — Fill r up to the 
mark p with the aspirating liquid and heat the bath. In the meantime 
warm the oil to be tested in the can y a few degrees above the required 
temperature. Take the viscosimeter for a short time, about half a 
minute, out of the bath so that the air in a is somewhat cooled, and then 
put it back, filling at the same time vessel e with the oil up to mark/. 
The air in a will then expand so that no oil can enter. Allow the oil in 
e to assume the temperature of the bath, connect the viscosimeter 
with the aspirator, and open tap o. Then open tap m and observe 
accurately the time required by the oil to rise in the ascending tube b 
up to the mark g. 

For the accurate dimensions of the various parts of the apparatus 
(made by C. Desaga of Heidelberg), the original paper must be con- 
sulted. 

The following table contains a few viscosimetric numbers determined 
with this apparatus, placed side by side with the numbers obtained with 
Engler's viscosimeter : — 


[Table 
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A comparison of the calculated and determined viscosity numbers 
(Engler) and flashing and binning points in oil mixtures is given by 
II. Sfterman , Gray and Hammer schlag. 1 < 

The viscosity of mixtures is always lower than that indicated by 
calculation. In the case of specific gravity the calculated specific 
gravity agrees with that found direct. 2 

The viscosity of lubricating oils diminishes rapidly with the increase 
of temperature ; the decrease is, however, much greater in the case of 
mineral oils than in that of vegetable and animal oils. This is one of 
the reasons why blends of vegetable and animal oils with mineral oils 
give better results In practice than do mineral oils alone. 

In many cases it is desirable to determine the viscosity of a lubri- 
cating oil at high temperatures ; if possible, at the temperature which 
the oil will reach in actual use. 

A somewhat high viscosity of a given sample (as compared with 
the viscosity of a corresponding oil recorded in the tables, Yol. 1. Chap. 
V.) may direct attention to an imperfectly purified oil, containing 
asphalt-like bodies (p. 86), or to oils thickened with aluminium oleatc 
or with caoutchouc 3 (“ oil thickener ”). 

Freezing Point or Cold-Test.— This is determined by the methods 
described in Vol. I. Chap. V, 

It is necessary to fix by agreement (in contracts) the length of time 
and the manner in which a sample should be cooled before the cold-test 
isjearried out, since the experimental results depend to a considerable 
extent on the preliminary treatment of the oil. This holds good of 
fatty oils as well as of mineral oils. Thus Holde 4 has shown that the 
solidifying points of oils, which were stated by various observers as being 
below 0° C., will solidify at 0° if allowed to stand at this temperature 
for several hours. It is well known that stirring assists solidification ; 
hence different results will be obtained according as to whether the oil 
has or has not been stirred whilst the cold- test was being carried out 
(cp. Yol. II. Chap. XIY. “ Cotton Seed Oil ”). 

Similar divergencies arc noticeable in the examination of mineral 
oils containing paraffin wax, the separation of paraffin w r ax taking place 
at different temperatures according to the manner of manipulation and 
according to the degree of cooling the oil has undergone previous to its 
examination. A number of cold-test determinations have been given 
in Yol. I. Chap. V. 

The “ cold-test ” or setting point of mineral lubricating oils has not 
so great an importance in this country as in the United States and on 
the Continent, where the danger exists of machinery being damaged by 
oil becoming solid in the lubricators. In these countries Railway 
Companies specify the temperature at which the lubricating oil must 
remain fluid, and also the manner in which this must be ascertained . 

The Scottish Mineral Oil Association directs that the setting point 

1 Journ. hid. mid Eny. C/mu 190!) (i.), 13. 

- Chan. Zeif. liiji 1909, 71 ; cp. also Molin, Chan. Zei! 1914, 857. 

:i llolde, l)k UntcrsKchnntj dc.r Echmurmittel , p. 122. 

4 Mitt. a. d. KiinitjL Tech. Versuchs-Anst ., 1895, 287. 
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of mineral oils be determined in the following manner : 3 — Place the 
sample in a test-tube, having a diameter of one inch and a quarter, to 
the depth of about two inches. Immerse the test-tube in a freezing 
mixture, and stir the oil slowly with a thermometer, until it has cooled 
down considerably below the temperature at which solid parafhn wax 
first appears. Then remove the test-tube L orn the freezing mixture, 
stir constantly with the thermometer, and observe the temperature at 
which the last trace of solid paraffin wax disappears. Repeat the test 
until concordant results are obtained. The temperature so found is the 
setting point. 

According to the directions of the New York Produce Exchange, 
the sample is poured into a beaker, 4 in. deep by 3 in. in diameter, 
until it ig nearly filled. The beaker is immersed in a freezing mixture 
of specified temperature, the temperature being controlled by a fixed 
thermometer ; a second thermometer is then immersed in the oil, so as 
to reach half way down the beaker. The lubricating oil should still 
flow, on inclining the beaker, when both thermometers register the same 
temperature. It should be noted that the oil is not stirred and that 
therefore the conditions obtaining in practice are simulated to some 
extent, although the time-factor is neglected. 

More complicated than the American test is the cold-test prescribed 
by the Prussian State Railway Direction. According to their rules 
“ winter oil ” must remain fluid at - 15° 0., “ summer oil ” at - 5° C. 
This is considered to be the case if the oil cooled to - 15° (1., or 5° 0., 
as the case may be, and subjected to the constant pressure of a water 
column of 50 mm., will rise in a glass tube of 6 mm. internal diameter 
at the minimum rate of 10 mm. per minute. The apparatus prescribed 
for this test is shown in Fig. 2. 

The sample, fined from water and mechanical impurities, is intro- 
duced into a U-tube of 6 mm. internal diameter (two tubes are shown 
in the figure). This is immersed in a vessel h, filled with the freezing 
mixture of the specified temperature, and surrounded by vessel i, which 
is also filled with the freezing mixture. The temperature is controlled 
by a thermometer. The U-tube should stand at least one hour in the 
freezing mixture without being disturbed, the level of the oil being about 
10 mm. below that of the freezing mixture. The tube is then carefully 
drawn out so far that the level car. be observed, when the rubber tube 
d is slipped over its end whilst pinch-cock e is open. Close e and, by 
opening pinch-cock/, allow a pressure of 50 mm. (generated by pouring 
water into vessel a, in which the weighted funnel 6 is placed and con- 
trolled exactly by manometer c) to act on the oil. 

Flash Point.— The flash point may be determined either by the 
“ open test ” or the “ close test.” 

“ Open Test” — About 50 c.c. of the oil under examination are 
placed in a porcelain crucible or in a small wide-necked flask, so as to 
fill about three-quarters of the vessel. The vessel is embedded in a 
sand-bath to slightly above the level of the liquid, and a thermometer 
inserted in the oil. The sand-bath is then heated gradually, so that 
1 Jo urn. Snc. Chen), lnd., 1 81 ) 1 , 34 /. 
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the temperature may rise slowly, and from time to time a small flame 
is brought on to the surface of the oil. The lowest temperature at 
which 1 a slight explosion or u flash ” takes pla^e is noted as the flash 
point. It is advisable to ascertain in a preliminary test the temperature 
at which the “ flash ” will take place, and then Anally to determine the 
flash point more accurately. The results obtainable by this method 
which is sufficiently accurate for practical purposes, when it is only 
required to ascertain whether an oil is dangerous or not — vary between 
2° and 5° C. In Scott’s oil tester an electric spark is used for igniting 
the explosive mixture of vapours. The flash point of a mixture as 



obtained by direct determination is always lower than that calculated 
from the flash points of its components. 1 

It is necessary that the oils be freed from water previous to being 
tested. 

The lowest flash point by the “ open test ” should be about 175° 0. 
(350° ¥.) for lubricating oils intended for journals and bearings, and 
about 260° C. (500° F.) for cylinder oils. The following table, due to 
Kiinkler , 2 contains a number of flash points of American, Russian, and 
Scotch lubricating oils : — 

1 Sherman, Gray and Hammersehlag, Jonrn, hid. and Eng. Chcvi., 1909, 13. 

a j onn ,' Sue. Client. Ind,. 1890, 197. 
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Oils. 

Specific 

Flash Point 

Viscosity (Engler).^ 


' at 17-5” C. 

"G. 

At 50* C. 

At 100* O. 

Russian cylinder oils . 

„ machine oils . 

„ spindle oils . 

American cylinder oils 
„ machine oils 

„ spindle oils . 

0-91 1-0-923 
0-893-0-920 
0-893-0-895 
0-886-0-899 
0*884-0 *920 
0-908-0-911 

183-238 

138-197 

163-167 

280-283 

187-260 

187-200 

10-216-2 
5-8-6 -3 
31-3-4 

4*2 

3T-3 -3 

2*0-2 '8 
1-5-1 -8 
1-4-1 -5 
4T-4 -8 

1-6 

1 -4-1-6 


The following table, due to Lewkomtsch, gives the flash points and 
viscosities of some commercial lubricating oils intended for use in 
motor car lubrication - 


Specific Gravity 

Viscosity 

Number of Seconds at 

Flash Point °F. 

at 00° V. ; 

70° F. 

! 140° F. 

(Gray). 

0-8980 

2290 

195 

300 

0-9121 1 

3015 

i 230 

1 404 

0-8821 

(580 

100 

i 380 

0-9025 

2190 

217 

i 392 

0-9218 : 

2595 

i 342 

384 


In Germany some railway companies direct that the Trcumann cup 
be used for this test. 1 The apparatus is illustrated in Fig. 3. 

The proposal by Marcusson 2 to lit to the Trcumann cup a mechani- 
cal arrangement for introducing the flame in a manner similar to that 
adopted in the “ close test ” apparatus has been adopted by the German 
Railway Companies. 

“ Close Test” — When greater accuracy is required than is furnished 
by the u open test/ 5 or in case of a dispute, the adoption of “ close test 55 
apparatus is advisable. The Scottish Mineral Oil Association 3 pre- 
scribes the employment of the Pensky- Martens apparatus, which is 
the one used officially in Germany. 4 

The Pensky- Martens apparatus (Fig. 4 and Fig. 5) is modelled on 
the Abel Petroleum Tester. 

E (Fig. 4) is the oil container, which is placed in a metal heating 
vessel H, provided with a mantle L in order to protect H from loss of 
heat by radiation. The oil cup E is closed by a tightly-fitting lid (shown 
in plan 2). Tlirough the centre of the lid passes a shaft carrying the 
stirring arrangement, which is worked by means of the handle J .° In 
another opening of the cover is fixed a thermometer. The lid is per- 

1 Up. Treumann, Zfitn. /. offanll. Chan., 1898, 855. 

2 Chan. Revue , 1909, 14. 

:i Journ. &>c. Chan. Ind., 1891, 347. 

4 Up. also F. A. Courtois’ Flash Tester, United States patent 788,250. 

5 A mechanical contrivance for stirring has been described by L. Schmitz, Chau. Zcit., 
1909, 58. 
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forated with several orifices, which are left open or covered, as the case 
may be, by a sliding cover. This can be rotated by turning the vertical 
sp indin by means of the milled head G. By tinning G, an opening of 
the slide can be made to coincide with an orifice in the cover, and 
simultaneously a very small flame, burning at the movable jet E (Eig. 5), 
is tilted on to the surface of the oil. This contrivance is shown on a 
larger scale in plan 2, Fig. 4. 

The test is performed by filling the oil into the oil cup up to a certain 
mark, fixing the cover, and heating the oil somewhat rapidly at first, 



Fig. 3. 

until its temperature is about 30° C. below the expected flash point. 
The temperature is then allowed to rise very slowly only, by making 
suitable use of the wire gauze shown in the figures, so that the rise of 
temperature within half a minute does not exceed about 2° G. From 
time to time the milled head G is turned and the flame tilted into the 
oil cup. The temperature at which a slight explosion is produced is 
noted as the flash point of the oil. 

In this country Gray's apparatus (Fig. 6) is used frequently. It 
consists of a brass oil cup, A, of 2 in. diameter by 2*2 in. in depth (same 
dimensions as in the Abel Petroleum Tester). The height to which the 
cup is filled is indicated by a line cut round the inside ; it runs 1J in. 
from the b Horn. The cup is closed by a tightly-fitting lid, through 
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the centre of which a steel shaft passes to the bottom, carrying two sets 
of stirrers, one above and the other below the surface of the oil. On 
the top of the steel shaft there is fixed a small bevelled wheel, li # , witli 
milled edge, and geared with a vertical bevelled wheel, (}, actuated by a 
small handle, B. Thus the stirrers are set in motion. The lid is pro- 



vided with four openings, one of which serves for the insertion of a 
thermometer, whereas the other three provide means for producing the 
“ flash.” These three orifices are, as a rule, closed by a loose flat cover , 
S, provided with openings which coincide with the ports in the fixed lid 
when the cover is turned one quarter round. One of the latter is 
immediately in front of the teat-lamp, D, which can be tilted whenever 
required, whereas the other two ports, one on each side, admit air to 
produce the explosive mixture. 
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To perform the test, fill the cup to the mark with the sample, light 
the test-lamp and adjust the flame, so that it is about J in. high ; then 
heat the oil cup by means of a Bunsen burner, or a sand-bath, whilst 
rotating the stirrers, so that the temperature of the oil l ist's about 5° C. 
per minute at first, then less rapidly when the point is being approached, 
at which the oil is expected to flash. Whilst the bevelled wheels are 
in gear the sliding cover is held in its normal position by the spring P. 
Next draw the horizontal shaft, which has a little lateral play in its 
bearings, slightly to the right, whereby the stirrers are thrown out of 
gear. Turn the handle a quarter of a round, when the loose cover is 




rotated, the ports are opened, and at the same time the test-lamp is 
tilted into the opening ; reverse the handle immediately, whereby the 
ports are closed automatically. The temperature at which a slight 
explosion is produced is noted as the flash point of. the oil. If no flash 
was produced, continue the heating, throw the stirrers into gear, and 
proceed as before. 1 

Ignition Point, “ Fire Test ” — The ignition point is the lowest 
temperature at which the oil will continue to burn after a flame 
has been brought into contact with its surface for a few seconds. 

1 With regard to Lees' oil-testing apparatus see English patent 27,036, 1906 (W. 
Lees, T. W. I *s v and A. Lees). 
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The determination of the ignition point is carried out in a similar 
manner to that described under “ flash point.” . 

A crucible about 40 mm. in diameter and 40 mm. high is filled to 
within 5 mm. of its brim, and embedded to half its height in a sand-bath. 
The crucible is heated at first rapidly until the flash point has been 
reached, then the gas-burner is turned low and the temperature allowed 
to gradually rise 10°-15° C. above the flash point ; after every rise of 
2° 0. a small flame is approached to the surface until the oil burns 
quietly. The crucible must be protected from draught by a convenient 
arrangement. 

It should be noted that the “ flash point ” and “ ignition point ” 
furnish no indications whatever as regards the lubricating value of an 
oil. Thqir significance lies in that they indicate whether a lubricating 
oil is suitable under given conditions. Since it so happens that oils 
having high flash points and ignition points are also the most viscous 
ones, unwarranted conclusions have been drawn from high flash and 
ignition points of a given lubricating oil. 

Oils intended for use in transformers should be free from moisture 
and sulphur compounds. For the determination of the dielectric 
strength and the electrical resistance of such oils, the papers given in 
the footnote should be consulted. 1 

The London County Council specify the following tests to which an 
oil intended for filling up the tanks of power switches and transformers 


must conform : — 

Specific gravity at 00° F. . • 0- 859-0*0 

Flash point (open) .... 400° h 
Tgnition point ..... 450" 4. 
Loss at 212° F. . . . .Nil 


It also prescribes that the amounts of moisture and acid shall not 
exceed 00009 and 0-01 per cent respectively. 

Brauer 2 states that the viscosity and Cold Test should he as low as 
possible. 


II. Chemical Tests 


The general chemical tests have for their object the identification 
of the oil ; the examination for purity (absence of adulterants) ; the 
detection and determination of water ; the determination of ash ; the 
determination of free acid ; the liability to gum or to become 
oxidised ; the liability to spontaneous combustion ; the determination 
of loss by evaporation ; the determination of paraffin wax ; the detec- 
tion of “ deblooming ” agents, and in some cases of colouring matter. 

In the determination of the loss by evaporation, in order to get com- 
* parable results it is essential that the same weight of oil be used for each 
test and also that the determination is carried out in a vessel having the 


1 Berninger, Mitt. d. K. K. Tech. Oewerhe.-Mvsemm in Wien 1911. 21 ; Breth, 
Petroleum , 1911, 290 ; Tobey, The Electrician , 1911, 491 ; Lhgby wntl Mellis, T tints hug. 
Supplmt.j 1910, March 80. 

2 Chew. Revue, 1914, 136. 
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same dimensions. Waters 1 recommends a brass vessel 5 cm. internal 
diameter and 3 cm. in height, 5 grms. of oil being used for each test. 

Before a lubricating oil is tested it must be .freed from grit or solid 
tarry particles, by filtering through filter paper or a sieve of very fine 
mesh. In some cases it may be of assistance to dissolve the lubricating 
oil in petroleum spirit or in benzene. 


The methods employed for the identification of fatty oils and liquid 
waxes have been described in previous chapters. The ascertaining 
of the origin of a mineral oil from 'petroleum is but rarely required. 
Expeditious methods for the discrimination between hydrocarbons 
derived from American, Russian, Galician, Roumanian, etc., petroleums 
have not yet been worked out, as the chemical composition of the 
hydrocarbons in the high boiling portions is practically unknown as yet. 2 * 
According to Chercheffsky 3 the determination of the critical temperature 
of solution in alcohol and the turbidity temperature with acetic anhydride 
will throw some light on this problem, the highest values being ob- 
tained for Pennsylvanian oils, and the lowest for Roumanian. 4 Sbalo 
oil hydrocarbons seem to be characterised by the somewhat high 
amounts of bromiue they absorb, as compared with mineral oils derived 
from petroleum : this is due to the presence of a considerable amount 
of olefinic hydrocarbons. In the absence of methods allowing a dis- 
crimination between shale oil and lignite oils, 5 physical indications, 
such as colour, fluorescence, smell, and also taster, afford safer guidance 
in ascertaining the origin of these oils than has been furnished hitherto 
by purely chemical methods. The identification of tar oils is easy (cp. 
Vol. I. Chap. IX.). Tar oils are used alone for lubricating suction 
gas engines (in coke works, gas works, and suction gas installations 
generally), their function, besides acting as lubricants, being to retain 
in solution the tarry vapours which are carried forward with the 
gases. 

Blended oils , i.e. oils consisting of a mixture of fatty oils (“ blown 
oils,” see below), liquid waxes, and mineral oils are identified by the 
general methods of analysis given in Yol. I. Chapters VI.-IX. Such 
oils are largely used, especially for the lubrication of steam cylinders, 
since it has been ascertained by extensive practical experience that 
blended oils are more economical, less oil being consumed than when 
mineral oils alone are employed. This is due to the fact that mineral 
oils are more readily volatilised than fatty oils. 

Small quantities of fatty oils in mineral oils are detected by ascer- 
taining whether the Bainplc has a definite saponification value. The 
absolute quantity of the fatty oil can be readily ascertained by isolating 
the fatty adds, determining their mean molecular weight, and calculat- 
ing therefrom to glycerides. If the amount of fatty oils be very small, 

1 Journ. fm(. and Eng. Chem ,, 1913, 391. 

3 Cp. Aisinmaim, Chew. Revue. 1897, 102. 

:i Covrpt. read, del' Arad, des Sciences, 1910, 1338. 

4 Cp. Mitt . a. Kiinigl. Matcrialpriif angsamt , 1909, 27. 

\Cp. Jahrhnch d. Clam., 1897 (viii. ), 384, 388. 
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the proportion of glycerol may be determined in a somewhat large 
quantity of the sample. If liquid waxes be present, the fatty acids 
must be calculated to esters. >} 

The presence of “ blown oils ” is detected in the first instance by 
ascertaining the proportion of “ oxidised acids ” (see Vol. I. Chap. VIII.), 
and next by determining the acetyl value of the isolated fatty acids 
(cp. Chap. VIII. and table given under “ Blown Oils ”). It should, 
however, be remembered that a high acetyl value may also be due to 
the presence of castor oil. (In this connection it may be pointed out 
that mixtures containing castor oil are not infrequently met with in 
commerce. 1 ) With regard to the value of “ blown oils ” as lubricants, 
cp. below. The “ blown oils ” are frequently met with in lubricating 
oils for marine engines. Blown oils are also frequently employed as an 
ingredient in the preparation of lardine (a fancy name, which has also 
been used for butter adulterants, and must not be confounded with 
them. Cp. also “ Lardeen,” p. 24). 

Rosin Oils. — The determination and examination of the unmponifr 
able matter— -rosin oils, tar oils, etc.— is of great importance ; methods 
of detecting these oils in the unsaponifiable portion have been described, 
Vol. I. Chap. IX. 

The LiebermamirStmch reaction may be supplemented by polari- 
metric examination. Rosin oils are dextrorotatory ; hence the presence 
of large quantities of rosin oils will be most readily detected by examin- 
ing the unsaponifiable matter in the polarimeter. Valenta found in 
the case of a number of samples of rosin oils in Milscherlich* s polarimeter, 
for a length of 100 inm., rotations varying from 30 ° to 10 ° (dark speci- 
mens were previously clarified by means of charcoal). Demski and 
Morawski likewise found the rotation about 50°. Formerly mineral 
oils were thought to be without action on the plane of polarised light, 
a few samples only having been found dextrorotatory, causing a 
deviation of FT to 1°6'. 2 More recently the property of rotating the 
plane of polarised light has been observed in a notable number of 
specimens of lubricating oils from American, Russian, and Galician 
sources. The somewhat too hasty deduction made by some observers, 
viz. that optical activity is a general property of lubricating oils derived 
from petroleum, is, however, not borne out by facts, for both optically 
active and inactive oils are obtained from petroleum fields lying 
practically side by side. 3 Nor has the generalisation, made rather 
prematurely, viz. that all mineral oils are dextrorotatory, been borne 
out by facts, for a Javanese mineral oil examined by Engler was found 
laevorotatory. Still such optical rotations as have been obseived. are 
too small to interfere with the decided rotation exhibited by a specimen 
which contains rosin oil. Since several vegetable oils contain optically 
active foreign substances, which pass into the unsaponifiable matter, 
due care must be exercised. It should further be borne in mind that 


1 English patent 2(580, 190(5, Crowley and I’ayne. 

- [a]u — + 1 J . Cp. Soltsien, Chan. CcntrulbL, 1898, ii. 455 ; /At*. /. u,ujor. Chem. t 
1904, 893 ; up. further Zaloziecki and Klarfield, Chem. Zat., 1907, HSn ; 11/0. 

Cp. Lewkowitseh, Chem. /At., 1908, 54 ; Jahrbarh d. (%’>»., 1907 (xvn.), 416. 
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‘hydrocarbons resulting from the destructive distillation of wool fat 
also exhibit optical activity (Lewkowitsch). 

A 1 new method of detecting small quantities of* mineral and rosin 
oils in fatty oils due to Outerbridge 1 depends upon the fact that these 
oils show a fluorescence “ bloom ” when examined by reflected light. 
Outerbridge recommends, for this purpose, the light from an enclosed 
arc. It has, however, been pointed out by Walker and Boughlon 2 that 
some samples of linseed oil and other vegetable oils show a marked 
fluorescence, and also that a linseed oil which showed no fluorescence 
in the raw state, after heating to 300° C. and cooling was strongly 
fluorescent. 

The quantitative determination of rosin oils in the “ unsaponifiable 
portion ” is a difficult problem, and cannot bo solved satisfactorily in 
the present state of our knowledge. According to Slorch 3 10 to 1 5 grms. 
of the unsaponifiable matter (carefully freed from fatty oils) are gently 
warmed in a flask with five times their weight of 06 per cent alcohol, 
and allowed to cool. The alcoholic solution, which will contain all the 
rosin oil present, is then transferred to a tarred Erlcnmoyer flask, about 
7 cm. high ; the undissolved mineral oil is again washed, without 
agitating, with a few c.c. of 96 per cent alcohol, which are added to the 
first solution. The Erlenmeyer flask is now placed in a beaker (to 
prevent too rapid condensation) and heated on a water-bath until the 
residue in the flask is free from bubbles. After cooling, the residue is 
weighed. The weight of this residue (A) represents that of the rosin oil 
'plus that portion of mineral oil which has been dissolved by the alcohol. 
To remove the bulk of the dissolved mineral oil, the residue (A) is next 
treated with ten times its weight of alcohol, and the solution heated on 
the water-bath in the same manner as before to remove the alcohol, 
when a second residue (B) is obtained, which still retains a small quantity 
of mineral oil. The necessary correction for this amount is found in the 
following manner : — Suppose 11*2 grms. of the sample have been 
treated with 50 grms. at first, and subsequently the residue A with 
15*5 grms. of alcohol. Let the weight of A be 1-51 grms., and that of B 
1*15 grms., then 50 - 15*5 = 34*5 grms. of alcohol had dissolved 1-51 - 1*15 
= 0*36 grm. ; hence 15*5 grins, had dissolved 0*1 62 grin, of mineral oil. 
There are therefore present in the sample 1*15 -- 0*162 = 0*988 grm., 
or 8*8 per cent of rosin oil. The true quantity lies between the weight 
of B and the corrected number. 

Walker and Robertshaw 4 examined in the author’s laboratory the 
various methods proposed for the quantitative determination of rosin 
oils. The process proposed by M r Ilhmey 5 for the estimation of rosin 
oils in fatty oils is based on the fact that the latter yield very low 
bromine substitution numbers, whereas rosin oils are characterised' 
by high substitution numbers. Walker and Robertshaw , however, 
ascertained that' the reaction taking place when bromine is allowed to 

1 Proc. A nuir. S»c., for testing materials, 1911, vol. xi. 

- United Mates Jour u. liny. Chew., 1912. 

Journ. Sor. Chew. 1ml., 1891, 276. 

4 Analyst , 1902, 238. 

s t,rn. Amer. Client. Sac., 1899, 1084 ; ep. also Vol. 1. Chap. X. 
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act on rosin oils depends so much on variations of time, temperature, 
and other not yet fully recognised conditions, that it would appear a 
hopeless task to determine rosin oil quantitatively by this method in a 
mixture of rosin oil with mineral oil. 

The method proposed by Holde 1 for discriminating and determining 
rosin oil when admixed with mineral oils has also been shown in the 
author’s laboratory to lead to uncertain results. Thus genuine rosin 
oils freed from rosin acids yielded considerable quantities of utisaponifi- 
able portions which might have been easily mistaken for mineral oil. 2 

The best method for determining rosin oil in mineral oil is Vahnta's 
process, as has been confirmed by experiments of Walker and Robert- 
shaio 3 in the author’s laboratory. Vahnta's 4 process for detecting 
rosin oils iji presence of mineral oils is based on the difference of their 
solubilities in glacial acetic acid at 50° 0., a number of experiments 
made with various mineral oils having shown that 100 gratis, of glacial 
acetic acid dissolve 2*6 to 6*5 gnus, of mineral oil, whilst under the same 
conditions 16*9 grms. of rosin oil are dissolved. The same relation is 
expressed by stating that 10 c.c. of glacial acetic acid dissolve 0*2833 
to 0*6849 grm. of mineral oil and 1*7788 grms. of rosin oil. To perform 
Valenta' s test 2 c.c. of the unsaponifiable matter are mixed in a test-tube 
with 10 c.c. of glacial acetic acid, and the tube, loosely closed with a cork, 
is immersed in a water-bath, having the temperature of 50° 0., for five 
minutes, the contents being repeatedly shaken during that time. The 
mixture is then filtered through a moistened filter, and the middle portion 
of the filtrate is collected. Part of this is weighed off accurately, and 
the amount of acetic acid therein determined by titration with normal 
caustic soda. The difference between the weight of the acid taken and 
the weight thus found is the amount of oil dissolved. Allen 0 points 
out that rosin acids if present in the rosin oil influence the solubility, 
and render the alkalimetrie determination of the acetic acid inaccurate. 
He proposes, therefore, to neutralise the greater part of the acetic 
acid, dilute with water, and extract the rosin oil by agitation with 
ether. 

Walker and Robertshaw, in the author’s laboratory, found the pro- 
portion of rosin oil dissolved by acetic acid from two specimens of 
genuine rosin oils 16*8 and 16*6 per cent respectively, which agrees well 
with Valenta’s figure of 16*9 per cent. A mineral oil which gave in 
Valenta's test 4*4 per cent (as compared with Valenki s numbers of 
2*6-6*5 per cent) was then mixed with an equal volume of a rosin oil of 
which 16*8 per cent was soluble. The mixture gave, in Valenta s test, 
10*84 per cent of dissolved oil, theory requiring 10*59 per cent. 

A similar method based on the solubility of rosin oils in acetone— 
with which they are miscible in all proportions, whereas mineral oils 
require several volumes of acetone for complete solution ( Demski and, 

1 Cp. Lunge* khan. Te.ch. Unlersnchnnysmelltodcn, 6th edition, vol. iii. p. 

633. 

2 Lewkowitscli, Analyst, 1903, 183 ; q>. also Utz, khan, lie an-, 1906, *18. 

:f Analyst , 1902, 238. 

4 Jov.rn. Sor. diem, hid ., 1884, 643. 

6 Com. Org. Anal. ii. 465. 

*VOL. Ill 
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Morawski, 1 Wiederhold 2 ) — has not yet been worked out quantitatively. 
Nor it likely to lead to useful results, for Borneo mineral oil of specific 
gravity 0*97 to 0*99 simulates rosin oil not only in specific gravity, but 
also in that it is very readily soluble in an equal volume of acetone. 3 
It is, however, easy to differentiate Borneo oil from rosin oil by the 
Liebermann- Storch reaction. Schwarz 4 used acetone to separate 
mineral oils from asphalt. 

Finkener's 5 proposal to differentiate rosin oil from mineral oil by 
means of a mixture of 1 volume of chloroform and 10 volumes of alcohol 
of specific gravity 0*8182 at 15*5° C. has not yet been worked out to a 
quantitative method. It may suffice, therefore, to mention that 
Finkener found that rosin oils are soluble in 10 volumes (according to 
Holde fi 12*5 volumes, Wiederhold 2 16 volumes, and Utz 7 17- volumes) 
of this mixture, whereas mineral oils are insoluble even in 100 volumes 
of the mixture. 

Tar Oils, — During recent years adulteration of lubricating oils with 
coal tar oils and (especially on the Continent) lignite tar oils has been 
practised. The most useful method of detecting these oils and deter- 
mining approximately their proportions is that proposed by Valenta 
(see Vol. I. Chap. IX.), based on the solubility of these oils in 
dimethylsulphate. 

Mixture of Mineral Oils with Tar Oils and Rosin Oils. — Valenta 
states that also from such mixtures the tar oils can be approximately 
separated and determined by means of dimethylsulphate (Yol. I. Chap. 
IX.). It is, however, doubtful whether, in view of the strictures that 
attach to this method, this problem can be solved satisfactorily ; hither- 
to no experiments have been published in this connection. The follow- 
ing modus operandi would suggest itself : — Remove the tar oils (as far 
as is practicable) by treatment with dimethylsulphate, saponify the 
dimethylsulphate solution with alcoholic soda or potash, and isolate the 
dissolved tar oil for further examination. The undissolved portion, 
consisting mainly of petroleum hydrocarbons and rosin oils, would then 
be treated by the methods described under “ Rosin Oils,” p. 79. 
Mineral oils hardly dissolve any dimethylsulphate ; it would, however, 
be advisable to subject the mineral oil and rosin oil mixture to saponi- 
fication in order to remove any dissolved dimethylsulphate before 
resorting to further examination. 

Detection and Determination of Water. — Oils having a turbid 
appearance, as a rule, contain water. In the case of mineral oils 
turbidity may also be caused by separated paraffin wax ; this will 
disappear on warming the sample. Water is readily detected by heating 
a sample in a test-tube, when frothing or bumping will reveal its presence. 
In .the case of fatty oils the determination of water is carried out as 
described, Yol. I. Chap. IV. In the presence of mineral oils, especially 

1 Journ. Soc. (Jhnn. hut., 1886, 179. 

- Journ. /. prakt. (Jheni., 1898 (47), 894. :t Jenkins, Analyst, 190 2, 240. 

4 German patent 282,794. 

5 f. analyt. Chew., 1887, 652. dhem. Rente, 189m, 51. 

7 Cher Rente, 1906, 48. Carboutetrachlorhle is useless lor this purpose, as both 
mineral ai sin oils dissolve in this menstruum in every proportion. 
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those of comparatively low boiling points, the determination of water 
in the usual manner may easily lead to deceptive results, inasmuch as 
oils of low boiling points are volatilised with the water vapours. Hence, 
due care must be exercised. The proportion of water is best determined 
by dissolving a somewhat large quantity of the sample in petroleum 
ether, so that the water may settle out on standing. 

The distillation 1 of the substance with a mixture consisting of one 
part of toluene with two parts of xylene will be found useful. The 
distillate is collected in a measuring cylinder and the volume of water 
read off direct. The water may also be deter mim'd in a centrifugal 
machine. 

Determination of Ash.— The ash is determined by igniting an 
accurately weighed quantity of the sample in a platinum dish and 
weighing the residue. In pure lubricating oils the ash should be nil. 
A definite residue may point to the presence of soda, potash, lime, or 
aluminium soap. In that case the residue will exhibit a strongly 
alkaline reaction to indicators. The presence of alumina in the ash 
would indicate that aluminium oleale (“ oil thickener ”) had been 
added. 

Schweitzer and Lungwitz 2 recommend as a reagent for the detection 
of soaps in lubricating oils a saturated solution of metaphosphoric acid 
in absolute alcohol. In the presence of soaps a llocculent precipitate is 
observed. 

Determination of Free Acids.—- The determination of free acids is 
of considerable importance in the examination of lubricating oils. 
The estimation of the free fatty acids is carried out in the manner 
described in Vol. I. Chap. VIII. Loehell recommends the use of a 
mixture consisting of two parts of benzene and one part of 96 per cent 
alcohol. 3 

If the lubricating oil bo a fatty oil, acidity may be due either to free 
fatty acids or to incomplete removal of mineral acids, left in the oil 
in consequence of faulty washing after refining. Mineral acids are 
detected by shaking the sample with water to which a drop of methyl- 
orange solution has been added. 

In the same manner mineral oils are tested for traces of inorganic 
acids. Naphthenic acids, so-called petroleum acids, 4 are not removed 
by washing with water. Their proportion is determined by shaking 
100 grms. of oil with 50 c.c. of decinormaJ alkali containing about 
50 per cent of alcohol, and titrating back the excess (Zaloziecki 5 ). In 
case the presence of sulphonated oils, produced by the action of con- 
centrated sulphuric acid whilst refining the oils, be suspected, 50 grms. 
of the oil should be boiled under a reflux condenser with strong hydro- 
chloric acid. The aqueous layer is then tested for sulphuric acid. w 

A definite acidity may also be due to added rosin (cp. Vol. II. 

“ Linseed Oil,” p. 70). 

1 Chem. Ze.it. , 1913, 353. a Jiuirn. Soc. Chem. Iwl. 1894, 1178. 

;i Chem. Zeil. , 1911, ‘276. 

* Cp. Sehulz-Koliu, Chem. Zeit., 1908, 596. 

5 Chem. Revue, 1897, 37. 

6 Op. also Heusler and Dennstedt, Zeits. f. angew, Chew., 1904, 264. 
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With regard to the permissible amount of free fatty acids in lubricat- 
ing or.ls, opinions differ. As a rule, railway companies specify in their 
contracts the maximum amount, of free acid. The larger the proportion 
of free acids in an oil, the greater is its liability to corrode the metal 
surfaces of the lubricated journals. The experiments made by I. 
Redwood / Aisinmann , 2 and Donath 3 do not permit one to draw the 
conclusion that lubricating oils would exert the same action on metals 
in practice as they do in laboratory experiments. Hence these experi- 
ments need not be detailed here. 

It should be borne in mind that fatty oils undergo hydrolysis in 
high-pressure steam cylinders, as of course also in steam engines using 
superheated steam, and that the fatty acids thus set free will corrode 
the iron, with formation of metallic soaps. This is one of the reasons 
why fatty oils are no longer used alone for lubricating high-pressure 
steam cylinders. Metallic soaps formed by the action of tire liberated 
fatty acids on the metal are somewhat soluble in mineral oils (cp. 
“ Metallic Soaps,” below), and are therefore less likely to cause obstruc- 
tions (by forming the well-known deposits found in cylinders) than when 
fatty oils alone are used. 

The opinion held generally that mineral oils do not attack met als 
is based more on chemical a 'priori deductions than on practical experi- 
ence. Won all and Southcombe 4 concluded from experiments made on a 
laboratory scale that mineral oils do not undergo a chemical change 
in a steam cylinder below 750° F. — provided, of course, the steam 
does not contain a notable quantity of air 5 — and further that the iron 
deposits in steam cylinders were due to oxide of iron particles carried 
over mechanically by steam and cemented together by resinified oil. 
The latter observation is quite correct, for it is well known that many 
deposits found in steam cylinders contain preponderantly mineral 
substances which can have only been carried over witli the steam (by 
“ priming ”), but the fact must not be overlooked that on exposure to 
air — which is always present in steam— mineral oils do suffer oxidation, 
the extent of which depends largely on the care used in refining them. 
This has been shown by Southcombe 6 by blowing hydrocarbon oils 
with air saturated with water in the presence of finely divided metals. 
Appreciable amounts of asphaltic bodies were formed, as is shown by 
the following table : — 


1 Jour it. Sue. Chem. fnd 1 886, 36*2. - JHngl. Polgl, Journ. 294, 65. 

3 Ibid. 294, 186. 

4 Journ. Roc. Chem. hut., 1908, 308 ; cj>. also Kiinkler and Schwedhelm, Seifensicder 
Zeit., 1908, No. 14. 

6 Cp. also SdireiOer, Ze.its. f. angew. Chem., 1910, 103. 

6 Journ. Sue. Chem. fnd., 1911, 261. 
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Oil. 

1 Time 

of Blowing. 

Temperature. 


! Hours. 

! " ('. 

A 

j 56 

! 150 

B 

< 5(5 

150 

A 

j 94 

! 120-130 

C 

112 

90 


Soluble in 
Ether 
(insoluble 
in Petrol). 

Soluble in Car-, 
bon Bisulphide 
(insoluble in 
Ether). 

Organic ^cids. 

Per cent. 

Per rent. 

Per cent. 

0-75 

Oil 

O’ 25 

1-0 

0-2 

0-10 

10 

O’ 35 

0-4 

2-5 

0-22 

0-38 


This docs not only hold good of shah; oils, but in general of American, 
Russian, and other mineral oils. 1 Further experimental evidence 
would therefore seem to be necessary. Prolonged exposure to sunlight 
also causes the formation of asphaltic bodies, as is shown by Waters* 
who found amounts of matter insoluble in ligroin varying from 0-77 to 
2-86 per cent. 

Liability to “ gum.” — A good lubricating oil should neither dry 
on exposure nor “ gum ” (causing more fuel to be consumed in conse- 
quence of the drag upon the machinery), nor have a tendency to become 
acid. Satisfactory methods for ascertaining the liability of a lubricating 
oil to “ gum 55 have not yet been worked out. Since oils belonging to 
the class of drying oils, as also fish and blubber oils, rosin oils, and to a 
smaller extent also the semi-drying oils of the cotton seed oil group, 
readily absorb oxygen, and thereby “ thicken ” or “ gum/’ the unsuit- 
ability of these oils for lubricating purposes is evident. The detection 
of the presence of such oils in a sample has been described in Yol. II. 
Chapter XIV. An examination of the sample by the methods described 
in Yol. I. Chapter VII. under “ Oxygen Absorption Test ” may in some 
cases pi'ove of assistance. 

Gill 3 proposes to determine the gumming properties of lubricating 
oils with nitro-sulphuric acid (prepared by saturating sulphuric acid 
of 76° Be, containing a few drops of nitric acid, with nitric oxide at 
0° C.). The amount of tarry matter formed thereby is stated to stand 
in a definite relation to the oxygen absorption as ascertained by i ox s 
method. This method, of which details were given in former editions 
of this work, 4 consists in determining the oxygen absorbed on heating 
an oil in a sealed tube with oxygen gas. 

Badly refined oils have a tendency to resinify easily. Impurities 
due to faulty refining may be looked for and identified by one of the 
following methods. It should, however, be noted that in some cases 
certain impurities are purposely left in the oils, since complete removal 
of the asphalt-like and mucilaginous substances, occurring naturally in 
the crude oils, tends to reduce the viscosity and, in the eyes of some 
users, the apparent lubricating value. Martens advises to shake equal 
measures of the sample and of sulphuric acid, specific gravity 1*53 at 


1 Op. Oatrejlco, Jmm. Sac., dim. hoi, 1896,2*5, .*545, 645; Holde j We Unj»- 
mdimt'f tier SchnUenniUel, 1897, |>. 88 ; Start, Jmiru. Sac. Client. I ml. 1899, 299. 
a Joum, /nil. Eng. diem., 1910, 451. 

:t Jaunt. Ame.r. Chem. Soc . , 1902, 690.^ 

4 Op. Chemical A nulysis of Oils, Eats, unit UV-ws, 2n4o.il. j>. i 
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the ordinary temperature. A pure oil should yield a colourless or, at 
most, a slightly yellow acid layer ; there should be no separation of 
black flocks in the oil, nor should it be coloured brown. If the acid 
remains colourless, or is but slightly coloured, the experiment should 
be repeated at 100° C. ; even under these conditions pure oils should 
not turn brown. (In the presence of fatty oils this treatment with 
sulphuric acid would lead to altogether unreliable results.) Attempts 
have been made to convert this test into a quantitative one, in the 
examination of mineral oils, by operating as follows : — 

20 c.c. of the sample are shaken in a graduated stoppered cylinder 
with 10 c.c. of concentrated sulphuric acid and 20 c.c. of petroleum 
ether ; the increase in volume of the acid is read oil after separation 
into two layers has taken place. Oils of good quality should yield to 
the acid no more than 1*2 to 2*4 c.c., i.e. 6 to 12 per cent. 1 ifut it must 
be understood that these results lead to rough approximations only, as 
the “ naphthenes,” the characteristic hydrocarbons of the Russian 
petroleum, are soluble in concentrated sulphuric acid. II aide 2 showed 
that by treating lubricating oils with a mixture of alcohol and ether 
(3 : 4) resinous or “ soft asphaltic ” bodies containing oxygen are 
precipitated, whereas by petroleum ether (300-500 c.c. for 2-5 grins, of 
oil) “hard asphaltic” substances are precipitated. Hitherto no 
reliable quantitative method has been worked out. 3 It should be 
pointed out that petroleum ether is incapable of precipitating the total 
amount of “ asphaltic ” bodies. 

A discussion on the difference between natural asphaltum and the 
asphaltic bodies left after the distillation of petroleum falls outside the 
scope of this work, and the reader must, therefore, be referred to the 
papers mentioned in the footnote. 4 

In the presence of paraffin wax the latter would be precipitated 
together with the “ asphaltic ” substances. T^ecocq 5 recommends there- 
fore to remove the paraffin first by distillation in a current of steam. 

Formerly the question of determining quantitatively those im- 
purities which are likely to lead to “ gumming ” did not have the 
same importance it has at present, for in the older methods of lubrica- 
tion fresh oil continually displaced oil that had passed between the 
lubricated journals, and thus products of oxidation were washed away. 
But since u rings ” or “ chain lubrication ” has come into vogue, and 
the number of cases increase daily where the oil remains a long time in 
contact with the material it is intended to protect (as in turbines, 
transformers, etc.), the accumulation of oxidised substances producing 
a sediment in the oil has given added, and in some cases even prominent, 
importance to chemical methods of detecting and determining these 

1 Up. also Kissling, 67/m. Xf.it., 1905, 1080. 

- Mitth. Kiinigl. Twit it. Vers. Anst ., 1895, 174 ; 1902, 253 ; 1903, 57. 

0 :t Uolde, Die Untermehung dcr Schmiermiite I, p. 183 ; 2nd edition, p. 19. Up. also 
Aisinmann, ibid . . 1895, 282 ; Singer, Chem. lie rue, 1897, 93 ; flolde and Eicknuinn, 
Petroleum, 1907, 1077 ; llolde, Milt . u. d. Kiinigl. Midermlsprii/ungsamt, 1909. 

4 Pailler, Jonrn, Ltd. Eng. 67/m,, 1914 ; Mareusson, Chem. Xe.it., 1914, 813, 822 ; 
Rosenthal, Xcitn. f. angeir. {'hem., 1914, 242. 

B />*- ' Srn-. Chim. Mg., 1908 (22), 81. 
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impurities. As satisfactory methods for analytically expressing the 
“ gumming ” property have not yet been worked out, it must suffice 
here to point out some further attempts that have been made reunify 
in this direction. 

Kissling 1 suggests heating 50 grms. of oil in an oven to 125°-135° C. 
for five days of twelve hours each, and then to transfer (with the aid of 
petroleum ether) the oil, together with any sediment that may have 
formed, to a 500 c.c. flask. After the flask has been made up to the 
mark with petroleum ether, and has been allowed to stand for twelve 
hours, the insoluble matter is filtered off, washed with petroleum 
ether, dried, and weighed. The amount of insoluble matter, judged to 
be “ asphalt pitch,” was found to range in twenty-one representative 
lubricating oils from 0*014 to 3*114 per cent. (Kissling proposes 
to term this percentage number “ resinification number.” 2 ) 

Another quantitative method proposed by Kissling 3 directs to 
determine in 50 grms. of lubricating oil the amount of substance that 
can be extracted by shaking with 50 c.c. of an alcoholic soda solution 
(made lip by mixing 50 grms. of aqueous soda solution, containing 
7*5 per cent NaOlI, with 50 grms. of 90 per cent alcohol) at 80° 0. in 
a bottle provided with a long cooling tube. The aqueous solution is 
then withdrawn, shaken out with petroleum ether to remove any 
emulsified or dissolved oil, 4 and then treated with hydrochloric acid, 
and shaken out with benzene. The benzene solution is evaporated 
to dryness, and the residue weighed. (The percentage so obtained is 
termed by Kissling “ tar number.”) The quantity of tarry substances, 
in a number of commercial lubricating oils, amounted to from 0*023 to 
1*451 per cent. Loewy 5 determines the tarry matter in vulcan oils 
by shaking 10 c.c. of the oil with 10 c.c. benzene and 3 c.c. of concentrated 
sulphuric acid. After standing for one hour the increase over 3 c.c is 
read off. According to the Hungarian railway specifications the 
amount of tarry matter in these oils must, not exceed 25 per cent. 

These proposed methods require further working out, as they 
appear to furnish useful data in judging the extent to which 
lubricating oils have been purified. In this connection it may be 
mentioned that several patents have been taken out for the removal 
of the “ resin-like ” and “ asphaltic ” substances in mineral lubricating 
oils by means of volatile solvents,' 5 and that the specifications ot t ie 
German railways stipulate that dark-coloured oils lubricating oils 
(used as axle oils, cylinder oils, etc.), must be completely soluble m 

i a, em . Ze.it., ] »()(>, 93*2. iilso SrluviWr, Zeit*. f. <t,njm CVw., 1905, 7*27. 

- Cp. Vhm. farm, 1909, 3. 

' : srAT r *. 

cent of sulphur only. 

German patent 185, *>90 ; cp. Zci ts-.f- " " ■ > ' • With ita'anl to 

patent 176,408 ; Knttall. (ethyl M *7 ' tp also 

acetone, cp. Pcrdit and Jagnbotl, 1>ohu> Pup. P ‘* SSm 
Oharitschkoff, Petroleum, 1907, 99. 
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40 volumes petroleum ether of specific gravity 0*60 to 0*70. It has been 
stated above that petrol ether does not precipitate all “ asphaltic ” 
substances, and experience has shown that the amount of precipitate 
varies with the quality of the petroleum ether. Instead of rejecting a 
method which leads to capricious results the (somewhat clumsy) device 
has been adopted to define the composition of the petroleum ether to 
be used as follows : — “ The normal benzine ” should be as free as 
possible from unsaturated and from aromatic hydrocarbons, and should 
have a specific gravity of from 0-695 to 0-705, and should boil between 
65-95° C. No more than 5 per cent should boil above 95° G. 

Another impurity which is also precipitated by the alcohol-ether 
mixture is caoutchouc (Para rubber), which is added to lubricating 
oils in order to raise their viscosity. It should, however, bq borne in 
mind that special lubricants, e.g. those intended for greasing steam taps, 
are openly sold as containing caoutchouc (see below). 

Since fatty oils, which exhibit a pronounced tendency to “ gum,” 
are also those which arc liable to spontaneous combustion, the behaviour 
of a fatty lubricating oil in this respect may be determined by means of 
the “ Cloth Oil Tester ” (see Wool Oils, below). 

Richardson and Hanson 1 propose to heat a lubricating oil under 
examination to 400° F. in air or steam, in a specially constructed copper 
oven. They then determine the viscosity of the oxidised oil and 
compare it with that of the original. The increase in viscosity is 
stated to serve as a guide in judging the suitability of an oil as regards 
gumming property. 

A practical “ gumming test ” prescribed by the United States Naval 
Department is the following : — 

Using a single wick, one-half pint brass oil cup, and maintaining 
the oil at about 140° F., practically equal quantities of oil must feed 
through the wick in three equal intervals of time of eight hours each. 
At the end of the test the wick must be clean, and the sides of the oil 
cup bright and clean. 

Loss by Evaporation. — “ Volatility Test.” — In the case of fatty oils 
the point at which evaporation commences to take place almost coincides 
with the temperature at which decomposition occurs, whereas in the 
case of mineral oils, consisting as they do of oils of different boiling 
points, evaporation — and consequently loss to the user of the oil — may 
set in below the temperature at which the bulk of the mineral oil 
volatilises. 

The method ordinarily adopted to determine the loss by evaporation 
is to heat an accurately weighed quantity on a watch glass for several 
hours and to weigh the residue. Oils intended for the lubrication of 
machinery at normal temperatures would be kept for a few hours at 
100° G. Cylinder oils are heated in a drying oven or in a suitable oil- 
bath at temperatures varying from 150° to 300° C. The German rail- 
ways prescribe for a cylinder oil intended for use with superheated 
steam a maximum loss of 2 per cent after two hours heating at 300° C. 

Archbutt, 2 recommends aR a more reliable method to heat the oil 

1 Ju fine. Chan. hut. , 1905 , 315 . 8 fbid., 1890 , 32 ( 5 . 
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in a current of air or superheated steam. 0*5 grm. of the sample is put 
in a platinum tray, which is placed in a glass tube, and thus introduced 
into a copper tube, £ in. internal diameter and 2 ft. long. Rouirtl the 
copper is coiled a tube, } in. diameter and about 10 ft, long, one end of 
which enters the wider copper tube and serves to heat the current of 
air or steam which is passed over the oil. The coiled tube is fixed in 
an air-bath and heated by a row of small gas jets to the desired tem- 
perature, which is controlled by a thermometer. A measured quantity 
of air is passed over the oil at the rate of 2 litres per minute for exactly 
one hour ; the oil is then withdrawn and weighed, flood locomotive 
cylinder oils should not lose more than 0-5 per cent at a temperature of 
370° F. (188° C.). The examination under this head has gained in 
importance since the engines using superheated steam have been 
introduced. Scheiber 1 uses another type of apparatus, fashioned 
upon the ordinary hot- water oven. 

In the case of lubricating oils which come into contact with oxidising 
gases at high temperatures (e.g. compressed oils) the determination of 
the “ asphaltic ” bodies before and after heating will afford useful 
indications as to the suitability of an oil for the given purpose. 

Nicolas 2 patents an apparatus for the determination of the con- 
stituents which are volatile in superheated steam. 


The determination of paraffin wax (German, Paraffin) will but 
rarely be required. Lubricating oils containing too much paraffin 
wax would not prove satisfactory in the “ cold-test,” and would there- 
fore be rejected at the outset. 

Holde examined the processes proposed by Pawlewski and File- 
momwicz , Zaloziecki, and Poland for the estimation of small quantities 
of paraffin wax, 3 and rejected them as not admitting of general applica- 
tion. Holde 4 recommends the following modus operandi, which is a 
modification of the method originally suggested and worked out by 
Engler and Boehm) : 5 — 

10 to 20 e.c. of oils poor in paraffin wax (such as Russian distilled 
oils, solidifying below -5° (!.), or 5 gnus, of oils rich in paraffin wax 
(such as American, Scotch, Galician, etc,, solidifying at or above 0° C.), 
are placed at the ordinary temperature in an Krlenmeyer flask of 150 
to 200 e.c. capacity, and so much ot a mixture consisting of equal parts 
of nearly absolute alcohol (98*5 per cent) and ether is added that a 
clear solution is obtained. The flask is then immersed in a freezing 
mixture at from - 20° to - 21° 0. Whilst the solution is being vigor- 
ously agitated, so much of the alcohol-ether mixture is added that the 
drops of oil just disappear, and only crystals or flocks of paraffin wax 
are noticeable. The crystals are filtered off at the same low temperature 
on a cooled filter and washed with the alcohol-ether mixture, previously 


1 Zelts. /. angeir. ('hem., 1910, 99. 

2 English patent 21,601, 1 909. 

:1 Cp. Eisenlohr, Znh. /. tnujen\ ('hvm., 1897, *910. ... , Arv ... 

* Chan, lien*, 1897, 21. Up. also Tamm ami Oherliimler, French patent 109,516 ; 
German patent 227,384. 

,r ’ Dinfll. Po/f/(. Jotini., 1886 (262), 468. 
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cooled down to ~ 20° to - 21° C., until 5 to 10 c.c. of the filtrate no 
longer give an oily residue. Prolonged washing beyond this point 
leads to loss. The paraffin wax retained on the filter is rinsed into a 
capsule with benzene. The solvent, is then evaporated off and the 
residue dried at 105° 0. for 15 minutes. This latter direction must, 
however, be used with due discretion, and prolonged heating in the 
air-bath must be avoided, as otherwise loss may occur ; the smell of the 
vapours will afford the necessary guidance. 

The objections raised by Eisenlohr 1 against this method because 
of its leading to incorrect results in the case of soft paraffin waxes have 
been met by a modification of the original process (Holde and Allen 2 ). 
For a rapid method of estimating the paraffin wax, suitable for works 
practice, Charitschhojf 3 recommends a special method. 

“ Deblooming ” Agents. — For the purpose of artificial deblooming, 
nitrobenzene and nitronaphthalene are most frequently employed. 
Since both are soluble in diinethylsulphate, Vahnta suggests this 
reagent as a means of extracting them. 

Nitrobenzene is readily detected by its smell, especially on warming. 
Tt should, however, be noted that nitrobenzene is added frequently as 
a perfume. 4 

For the detection of nitronaphthalene in mineral oils, Leonard 5 
proposes the following method, which is based on the reduction of 
nitronaphthalene to naphthylamine : — A small quantity of the oil is 
gently warmed with zinc-dust and dilute hydrochloric acid, and the 
mixture agitated from time to time. The Local odour characteristic 
of (/.-naphthylamine will then be noticed. The acid aqueous liquid is 
drawn off and tested in the following manner : — A portion of the 
liquid is neutralised with ammonia ; on adding ferric chloride a blue 
precipitate is obtained which rapidly becomes purple. The remainder 
of the liquid may be made alkaline with soda and extracted with ether. 
The latter is then evaporated, and the residue dissolved in a little alcohol. 
On the addition of a drop of a solution of sodium nitrite, which has been 
acidified with acetic acid, a yellow colour is produced. On adding 
hydrochloric acid the colour is changed to crimson. Schulz G states 
that by the following method 0*05 per cent of nitronaphthalene can be 
detected : — 10 grms. of oil are heated to 290-300° C. with 0*5 grm. of 
colophony. When the temperature has fallen to 80° C. 4 grms. of a 
10 per cent solution of sulphuric acid are added, and the mixture shaken. 
The flask is then allowed to settle on the boiling-water bath, the lower 
aqueous layer is drawn olf, which on the addition of a cold saturated 

1 Xeifs. J\ mignr. (!heu\. y 189/, 332. 

- Chan '. lirrnr, 1898, 112, 131 ; cp. also Clifford Richardson, Jovm. Xor. Ohrm. 
hid., 1902, 090. 

3 Chfin. Renin-, 1910, 12 ; op. also Gunvitseh, Ze.its. ,/. angnr. ('Iinti., 1910, 
1800. 

4 Cp. French patent. 36.0,335 (llaenHein and Kornleld). The addition of ethereal 
oils, in conjunction with gnm benzoin and other gums, to lubricating oils intended for 
internal combustion engines has been claimed by English patent 9202 (1906) ; cp. also 
German patent 205,883 (L. G. Leffer). 

a Jovnt. Snc. Chen). hid., 1894, 69 ; cp. also Holde, ibid., 1891, 906. 

Xeit., 1909, 1093. 
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solution of potassium dichromate gives a blue precipitate of oxy- 
naphthylamine. 

Many patents have been taken out for the recovery of used lubricat- 
ing oils. 


Examination of Greases and Solid Lubricants. 

The greases are conveniently subdivided into 

(a) Solidified Oils ; 

(/i) Rosin Greases ; Axle 0 Leases ; 

(y) Lubricating Greases ; Lubricating Pastes. 


(a) Solidified Oils 

French — Hu lies solidi fices 

The solidified oils contain, as a rule, no water ; they consist pre- 
ponderantly of mineral lubricating oils (of high specific gravity), which 
have been “ solidified ” or u gelatinised ” by means of soda-, lime-, or 
aluminium-soap. The manufacture of “ solidified oils ” of this kind 
is exemplified by Echnberg's patent : -Fatty acids (from wool wax 
or crude wool fat) are dissolved in paraffin oil, and about half the amount 
of alkali required for the neutralisation of the free fatty acids is added. 
The mass is then heated so as to drive off the water and poured into 

moulds whilst still hot. . , ,, 

Lime soaps -of fatty acids or rosin acids- frequently enter into the 
composition of solidified oils. Waste fats (“ tankage fats, cp. Wap. 
XYI ) are saponified with a calculated amount of lime or soda m an 
autoclave, and the resulting soap separated from the excess of water 
in a filter press. The soap, which still retains 8-10 per cent ol ^ water s 
incorporated with a mineral oil. Keoently a patent has been taken out 
for the preparation of solidified oils l.y emulsifying hydiocarbon oik 
with glue or other nitrogenous substances and the subseijnen tic^ 

ment of the product with iron sulphate. 2 bekmlU treats the fat 
dissolved in mineral oil with a concentrated solution of sodium affii • 
Lubricants of this kind possess sufficient consistence to be cut mt 
lumps. “ Vaseline bricks ” belong to this class of solidified oils. 

The analysis of these products embraces the determination of the 

,.h "f ri- of — i-iioi* - 1 ' “Sr?. 2 

and rosin acids. Each of the constituents named is then further 
examined. 

■ Kligliffh palest No. 16,541, 1896; tVnol, patofft 139, 167. 

2 Armstrong, English patent 18,300, 1911. 

■ l German patent ‘374,209. 
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(fS) Rosin Greases— Axle Greases 

French — Graisses a base de resine. German — Wagenfetie, Palenljelte. 

Rosin greases are essentially solutions of calcium “ rosinate ” 1 in 
rosin oil. They are prepared by stirring dry slaked lime, freed from 
all gritty particles by careful sieving, into mineral oil, until a homo- 
geneous mixture is obtained, and then adding rosin oil containing 
“ rosin acids.” 

The proportions of lime and mineral oil usually taken are 5 and 95 
respectively. Into this mixture (“ stock ”) a, distilled rosin oil (“ set ” ; 
G erman —Ilarzstockol ) , containing rosin oil acids (see Yol. I. C,hap. IX.), 
is run, the mass is carefully stirred for a short time and then allowed 
to stand. 2 The rosin oil acids combine with the lime, and the lime soap 
so formed is capable of holding both the mineral oil and the rosin oil in 
a semi-solid emulsion. It depends on the specific gravity of the mineral 
oil as to whether the grease is lighter than water (“ Floating Grease,” 
“ Corfe Grease ” ; German —SchwimmfeU) or heavier (“ Non-Floating 
Grease ”). 


(y) Lubricating Greases— Lubricating Pastes 

French — Graisses consislantes , Graisses lubrijiantes. German — Con- 
sistente Fette , tilarrschmieren , Zdhschmieren. Italian — Grasse lubri- 
ficanti , Grasse consistenti. 

Lubricating greases represent essentially semi-solid or solid emul- 
sions 3 of fats, fatty oils, mineral oils, rosin oils, 4 with lime-, soda-, or 
zinc-soaps. They also contain a certain amount of water, the maximum 
reaching 35 per cent. 

These lubricants are prepared by dissolving fatty oils and fats or 
fatty acids in mineral oil and boiling with a solution of caustic soda or 
with milk of lime or zinc oxide. For lubrication of hot bearings which 
do not come into contact with water, a grease prepared from a soda soap 
is almost exclusively employed, whereas those bearings which come into 
contact with water or steam require a grease in which lime soaps pre- 
ponderate. 5 The quantity of base taken is insufficient to completely 
saponify the neutral fats. 

If it be desired to have only a small quantity of water in the finished 
product, as is necessary in the case of a grease containing a considerable 

1 Rosinate is perhaps not the correct term, since F. Schulz (Chew, llevne, 1909, 186) 
has shown that by mixing a rosin oil freed from rosin acids witli rosin, a good grease 
could not be obtained. 

2 Seifetmeder Xeit., 1910, 1071 ; 1911, 85, 146, 169, 233, 285. 

:i Cp. also J I ohlo, Zrits. J'. an</eu\ Chem., 1908, 2138. 

4 For cheap greases wool grease, also is used. The employment of wool wax is 
claimed by German patents 141,465, 144,657 (Finke), and 188,712 (Siemsen) ; cp. 
“Emulsified Oils” (below). 

5 1 >}iski, Sei/ensicdrr Zeil., 1913, 266. 
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quantity of lime soap, a mixture of dry slaked lime and mineral oil is 
prepared first (as described above, p. 9]), and after adding a small 
quantity of water, the fats, or fatty oils, or fatty acids are introduced 
and then partially converted into lime soaps by heating. Solidification 
of the lime-mineral oil " stock ” may be effected at somewhat lower 
temperatures by introducing rosin oil containing rosin acids. The 

mineral oil may be replaced by anthracene oil. 

Another mode of manufacturing these lubricants consists in simply 
dissolving a finished soda soap in mineral oil, or in mixing together oleic 
acid, mineral oil, and the requisite quantity of a solution of caustic 
potash or soda. In order to thicken the mixture, aluminium oleale is 
introduced together with the soda soap. If a lead soap 1 be used the 
so-called galena oils arc obtained. 

To these greases are also added inert substances, such as talcum, 
powdered mica, plumbago, 2 or cork, 3 with a view to increasing their 
lubricating power. Therefore the talcum, mica, plumbago, and cork can- 
not be looked upon as adulterants. 4 It should, however, be understood 
that these substances are not lubricants, but merely exercise an appar- 
ently beneficial influence in that they act as abrasive material, helping 
to grind down uneven surfaces, and further in that they fill up minute 
grooves in the bearings. For a comparison of oils with and without 
graphite, the reader must be referred to the, original paper by Mabcry , 5 

Thomsen 6 differentiates between graphite and other forms of carbon 
by means of the specific gravity. Graphite having a specific gravity 
of about 2-2 can be separated from amorphous carbon, which has a 
specific gravity under 2-0, by means of ethylene bromide, of a specific 
gravity 2-15. For the detection of graphite in the presence of other 
bums of amorphous carbon, Marcusson and Meycrheim 7 propose the 
following method : — 1 grm. of the benzol extracted residue is introduced 
in small quantities into 15 grins, of molten caustic potash contained in 
a nickel crucible. The mass is fused for 15 minutes over a flame and 
finally over a blow-pipe. It is then dissolved in water, and the insoluble 
residue washed by decantation. The insoluble graphite is washed with 
dilute hydrochloric acid, and finally in water, dried at 105° 0. and weighed. 
These observers state that different forms of grapbife yield different 
amounts of insoluble matter, and therefore their method is only 
approximate. 

Frequently greases of this kind are perfumed with mirbanc oil, and 
coloured yellow with aniline dyes or annatto. 

The specification of the London County Council of a light grease for 

1 Lead soaps of rape oil (obtained by saponilkiation with lead oxide), emulsified with 
water, used to be employed in the ’fifties and ’sixties of the last century as railway 
waggon greases, notably in Germany (ep. Grossmunn, 1909, 4). 

- Up. German patent 1 Si>,950 (Knowles and Chapman); United States patents 
843,426 and 844,089 ; German patents 191,840, 218,218 (K.G. Acheson); German patent 
140,882 (W. ¥. Downs); English patent 23,622 (It L. Philips-Smith). 

A. Stiewing, German palent 246,582. 

4 Downs (German patent 140,882) patents the employment of castor oil as a binding 
agent for lubricants of tliis kind. 

0 Jovrn. Ind. and Emj. Chad., 1910. 115. 

fl Ibid., 1911, 871. 


7 Che in . Herne , 1911, 144. 
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electric cars requires a grease in which the loss, when dried at 200° F., 
shali ( not exceed 5 per cent, and the mineral matter not to exceed 4 per 
cent. The same authority specifies for Stauffer’s lubricant that it should 
not contain more than 2 per cent of free acid as oleic acid, and that 
the loss at 212° F. shall not exceed 3 per cent. 

Special kinds of this class of greases are those known as Stauffer’s 
lubricants, Tovote greases, etc. 

To this class of lubricants belong also railway waggon greases. 
These are generally prepared by melting together tallow and palm oil 
at a temperature of about 100° C., running into the melted fat a solution 
of sodium carbonate, previously heated to the same temperature, and 
stirring the mass until it solidifies. Since palm oil contains a consider- 
able amount of free fatty acids, palm oil soap is formed, which holds 
the unsaponified part of the palm oil and the unsaponified tallow in 
solid emulsion. 

The machinery required for the manufacture of lubricating greases 
is of the simplest description. The mixing of the ingredients by hand 
is still frequently resorted to. Simple machinery consists of a revolving 
barrel turned by a handle. In more modern installations, intended 
for large scale manufacture, the ingredients are boiled together in large 
jacketed pans, fitted with stirring gear, so that all the mixing required 
can bo done in one vessel. In the case of more complicated greases the 
preparation of the soap is carried out in a separate vessel, and the 
intermixing of the other ingredients with it is performed in a second 
vessel. In order to prevent hard lumps of lime soap, or even soda soap, 
remaining in the finished grease, the product is run through a finely 
meshed sieve ; in some cases, especially when the grease is very viscous, 
it is passed through a kneading machine (mostly consisting of a pair of 
rollers) which imparts to the finished grease homogeneity and a soft 
texture and also some lustre. These machines are similar to those 
mentioned under “ Vegetable Butter.” 

An important point is that the lubricating greases should not 
separate, on keeping, into an oily and into a solid substance. 

In the examination of lubricating greases the determination of 
the melting point is frequently of importance. This may be done by 
Pohl’s or by Ubbelohde’s method (Chap. V.), or by placing 50 to 100 
grms. in a wide test-tube, such as is used for the titer test determination, 
inserting a thermometer in the grease, and placing the test-tube in a 
water-bath or a sulphuric acid bath and observing the temperature at 
which the mass is completely melted. In the last case stirring of the 
mass is essential, so as to prevent liquation or exudation of the oils 
or oily substances from the soaps. Naturally the melting point will 
extend over a range of several degrees ; the indications thus obtained 
are, however, sufficiently accurate for most practical purposes, as it 
is merely required to know whether the grease will “ flow ” within 
certain degrees of temperature. Gillett recommends the determination 
of the consistence by means of Legler’s apparatus (Vol. I. p. 362). 
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The compositions of most of these lubricating greases are guarded 
by their manufacturers as valuable secrets. "Each grease requires, 
therefore, a special method of analysis. The chemical examination 
comprises the determination of the following constituents : — 1. Water ; 
2. Fatty acids and (or) rosin acid combined as soap 1 (free fatty acids, 
if any) ; 3. Unsaponifiable matter ; 4. Unsaponilied fat ; 5. Ash. 
Each of the constituents named under Nos. 2, 3, and 4 must be further 
examined according to the methods detailed in Vol. 1. Chapters V.-X-, 
and on the foregoing pages. 

The lubricant is first dried at 100° C. and the amount of water is 
thus found, provided volatile hydrocarbons or ethereal oils be absent 
(cp. p. 82). At the same time the anhydrous lubricant is obtained in 
a proper Jorm for subsequent examination. The residue is next ex- 
tracted with a suitable volatile solvent, when added mineral matters — 
weighting substances — and practically the total amount of soaps 
remain undissolved, whereas the unsaponifiable matter and the un- 
saponified fat (and free fatty acids , if any) pass into solution. According 
to Marcusson 2 acetone is the best solvent for this purpose, as it dissolves 
less of the soaps than petroleum ether. The undissolved portion is 
examined for soluble (soda) soap by boiling out with water ; if in- 
soluble soaps be present, recourse must be had to the, method described 
under “ Metallic Soaps ” (see below). The solvent is evaporated off 
from the dissolved portion, and the residue so obtained is boiled with 
alcoholic potash. The unsaponifiable matter is then determined, and 
examined by the methods detailed in Vol. I. Chap. IX. The fatty acids 
and rosin acids liberated from the soap solution may then be further 
examined. The chemical analysis gives, however, no definite informa- 
tion as to the lubricating value. 

Hot neck Greases (see under “ Candle Manufacture ”). 

Stuffing Greases (see Chap. XVI.). 


III. Mechanical Tests 

The physical and chemical examinations described above by no 
means exhaust the tests to which a lubricating oil must be submitted 
in order to arrive at a definite opinion as regards its suitability for a 
given purpose. It may therefore be useful to point out once more 
that the determination of the viscosity does not furnish a complete 
answer as to the lubricating value of a given oil, for a substance may 
be viscous and yet not be a good lubricant, as not having the “ body ” 
or “ oiliness ” (French- -corps, liant ; German —Schlupfrigkeit) which 
shows itself by the “ smoothness ” felt when the oil is rubbed between 
the fingers. On the “ smoothness ” or “ oiliness ” depends the thickness 
of the oil-film which a lubricant forms when applied to running 
machinery. “ Smoothness ” or “ oiliness ” depends on the nature of 
the oil, and is greatly affected by the pressure, speed of the running 
1 Cp. Marcusson, Chem. Revue, 191.'*, 43. ' Seifensie.de v /at., 1913, 111/. 
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machinery; and also by the temperature to which the lubricant is 
exposed. 

* It is impossible to ascertain the behaviour of a given oil in these 
respects by means of the physical and chemical examinations described 
above. Hence they must be supplemented by mechanical tests. 

Railway Companies and other large consumers of lubricants test 
the lubricating power of these by means of specially designed apparatus, 
“ oil-testing machines,” simulating as nearly as possible the conditions 
obtaining in practice. 

A considerable number of mechanical oil-testing machines have 
been described and patented. Since this subject necessarily falls out- 
side the scope of this work, the reader is referred to the sources given 
in the footnote . 1 It should, however, be noted that opinions arrived 
at on the strength of tests carried out by means of oil-testing machines 
are not always confirmed by practice. For although the best oil- 
testing machines, if attended to properly, furnish comparable results, 
these do not depend solely on the properties of the lubricant, but to a 
considerable extent also on the material of the bearings and on the 
condition of the latter. Moreover, a great deal depends on the manner 
in which a lubricating oil is applied. At present, when “ pressure ” 
lubrication is substituted for “ drip ” lubrication, the construction of 
the bearings is entirely different from that used in testing machines. 

An apparatus for testing the behaviour of lubricating oils in the 
presence of steam or hot gases has been patented by the Ohverhe Stern- 
Sonneborn A.G . 2 


V.-WOOL OILS-OLOTH OILS 3 

French — Huiles d'ensimage. German — -Wollspickole, Wolltsch miilzdle, 

Wollole. Italian — Olii dafilalunt. 

Under the trade term “ wool oils ” or “ cloth oils ” are comprised 
all those oils that are used by woollen manufacturers for lubricating 

1 13. Tower, Fmc. last. Mali. K 'ng., 188.3-1 Si* 1 ; C. J. H. Woodbury, Measurements 
<>/ the Friction of Lubricating Oils , New York, 1885 ; Redwood, Journ. Hoc. Chan, hut., 
1886, 121 ; Carpenter- Leask, Soaps and Candles, pp. 258-313 ; Thorpe's hid ionary of 
Applied, ('he mist ey, vol. ii. p. 471 ; Thurston, Treatise on Friction and Lubrication , 
pp. 248-263 ; B. Redwood, Petroleum, p. 634 ; Goodman, Recent Researches in Friction ; 
Vroc. Inst. Ciril Engineers, vol. 85 ; Petrotl', Nate Thcnrie dvr Reibnng, Hamburg, 
1887; Arelibutt and Deeley, Lubrication and Lubricants, p. 319; I J old**, l)iv Filter- 
suckling der Schniiermittel, p. 224; Weiss, Diugl. Pohjt. Journ., 1898 (309), 76; 11. 
V. Blake, English patent 25,492, 1902 ; K. Wilkens, English patent 20,998, 1902 ; 
English patent 15,897, 1902 (Dettmar’s Oil-Testing Apparatus ; cp. Chan. Zeit., 1906, 
155, 306) ; Kirsch, Mitt. d. K. K. Tcrhnoloij. (iewerke- Museums, 1906, xvi. No. 1 ; 
Mai wry and Mathews, Journ. Amer. (them. $<>c., 1908, 992; W. Lees, T. W. Lees ami 
A. Lees, English patent 27.036, 1906 ; Grossmann, Die Schmiemuttel, Wiesbaden, 1909 ; 
H. Benjamin, cp. Sibley, Journ. Amer. Soc. Aleck. Fug., 1909, 1099; Alexander, The 
Engineer, 1909, 291 ; KapfV, German patent 209,399 ; Conradson, Journ. lnd. Eng. 
Chan., 1910, 171 ; Drosten, German patent 275,225 ; Schmitz, Zeds. f. on gem. Chan., 
1914, 468. 

2 English patent 7616 ami 7617, 1911 ; German patent 232, 233 ; French patent 
413,996. 

:l Cp. Lewkowitsch, Journ. Soe. Dyers and. Colourists, 1896, 60 ; Journ. Soc. Chau 
lnd., 1896, 459. 



XV 


WOOL OILS — CLOTH OILS 


97 


the wool before spinning, or for oiling the rags before grinding and 
pulling. 

The best wool oils consist of pure fatty oils, such as olive oil, lard 
oil, neat’s foot oil. Besides these, oleic acid (“ saponification oleine ’’ 
or “ saponified oleine,” “ distillation oleine ” or “ distilled oleine,” see 
below) is used largely as a cheaper kind of wool oil. It commends 
itself also for the reason that it is easily removable in the scouring 
process ; still, it should not be used foT the finest goods, as the action 
of the fatty acid on the metal of the scribblers is apt to cause defects 
in the woven goods. 1 The tendency to produce cheap wool oils, especi- 
ally those for use with the lowest textile goods, has led to t he employ- 
ment of “ distilled grease oleine ” (see Chap. XVI.), and even “ waste 
oils,” such as “ black recovered oil,” “ seek oil,” and “ brown grease 
oil ” (cp. “ Waste Fats,” Chap. XVI.). The last-named oils contain 
considerable amounts of unsaponifiable matter. Besides these oils 
there are found in commerce large quantities of “ manufactured oils,” 
representing blends of the above-named wool oils, as also blends con- 
taining mineral oils. The principles upon which the valuation of wool 
oils should be based are the following - 

(1.) Wool oils should be easily removable in the scour ivy process. 
They should therefore be free from drying and semi-drying oils or their 
fatty acids, as also from rosin acids and rosin oils, since all these sub- 
stances offer great resistance' to removal in the scouring process, become 
sticky, leave an unpleasant odour on the fabric, and cause stains in the 
finished cloth. For the best goods even small quantities ol. hydro- 
carbons in the oils arc objectionable, as, in addition to other dis- 
advantages, they cause faults in the dyeing of the finished cloth. The 
determination of the ash is also of importance, since the deposition of 
' iie insoluble salts of iron and lime with fatty acids on the fabric hinders 
the bleaching. 2 

Although mineral oils readily form emulsions with soap solutions, 
practical experience shows that they are not so easily removable as 
their behaviour with soap solutions might lead to anticipate, and that 
they actually militate against the obtaining of properly bleached goods. 
Therefore, for best goods wholly saponifiable wool oils only should be 
used. The low-class wool oils containing large proportions of hydro- 
carbons can only be removed, by the employment of strongly alkaline 
soaps. 3 

(2) Wool oils should develop as little heal as possible both in the 
stored raw material and during the working of the oiled material. 
Drying and even semi-drying oils easily give rise to a development of 


1 “ Kieinoleic ” acid (castor oil tatty arid) lias also 1.een recommended as a wool oil 
(Croslicld and Market English patent 9946, 1901). The advantage claimed over oleic 
acid is that t lie castor oil acids do not solidify so readily as does the former at low 
tempeiatnres. , ... 

“ lvlenim, Zeits.f. mn/nr. fW, 1912, 00; cp. also Seheurer, Hu//. Sac. hut. dr 
MhIIhhw 1 H10, :m:i. 

:i Up. Lewkowit sell, .hunt. S<,c. end Colourist s 1891. March; Jaunt. S,r. 

Client, /nt/., 189-1, 2.18 ; .hum. Sac. Jh/em end CahurUs, 189(5, t50 ; Jaunt. Sac. Cltnn. 
led.. 1896, 1.19 ; SpennraUi and Wnltiier, Joern. S>c. Client, hid., 189.1, 362 ; Ulrich, 
Sci/ce.vcdcr Zril.. 1903, 688. 
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heat sufficient to cause spontaneous combustion or to produce heat in 
the scribbling and carding process. 

^3) The liability of oils to favour the spreading of fire should be as 
small as possible. Since the Fire Insurance Offices put great strictures 
on the users of wool oils, and assess the insurance premiums according 
to the quality of the oils employed, it may be found useful to quote the 
order in which the oils are arranged in the schedules of the Fire Insurance 
Companies in this country : — 

A. Free from any extra charge are — Olive (Gallipoli) oil, lard oil, 
oleine (“ saponified ” or “ distilled ”) not containing more than 10 per 
cent of unsaponifiable matter, fish oil, or a manufactured oil (“ purified 
by distillation or saponification,” whatever this may mean) containing 
not more than 30 per cent of unsaponifiable matter, 1 ancj having a 
flash point not under 340° F. (167*8° C.). 

B. A higher rate (5 shillings extra) is charged for — Manufactured 
oils containing more than 30 per cent, but not more than 50 per cent, 
of unsaponifiable matter. 

0. A still higher rate (ll shillings extra) is charged for — Black 
(recovered) oil (Chap. XVI.), not prepared or purified by saponification 
or distillation, or any other oil not included in A or D, or any composi- 
tion containing them or any of them and not containing more than 
50 per cent of unsaponifiable matter. 

D. The highest rate (21 shillings) is charged for- Manufactured oils 
containing more than 50 per cent of unsaponifiable matter, or any 
mineral oil, oil of pine, linseed oil, rape oil, cotton seed oil, or any other 
seed oil. 

Neat’s foot oil and tallow oil are not mentioned in these schedules, 
although they are very useful wool oils and quite harmless, whereas, 
curiously enough, fish oil, which is a very dangerous oil (since cotton 
rags oiled with fish oil will ignite, spontaneously), is permitted free of 
extra charge. True, cotton seed oil, which is equally dangerous, is 
rightly placed amongst the oils charged at the highest rate, but it is 
unintelligible why “ oil of pine ” is classed amongst wool oils (cp. also 
table, p. 104). 

Mineral oils in themselves art; not liable to spontaneous combustion ; 
experience shows, however, that once a fire has broken out, they assist 
the rapid spreading of it. For this reason strictures are laid on the use 
of oils containing high proportions of mineral oils. 

Therefore the determination of the unsaponifiable matter and of 
the flash point is of the greatest importance in the analysis of wool 
oils. 

The examination of wool oils comprises the test for purity, including 
the determination of the unsaponifiable matter. Some analysts 
ascertain the saponifiable matter only, i.e. the sum of the neutral 
fat and fatty acids, by boiling the sample with alcoholic potash 
(Chap. VI.), and calculating the amount of potassium hydrate (KOH) 
used to oleic acid, thus obtaining the “ unsaponifiable matter ” by 

1 The Austrian Fire Insurance Companies allow only If) per cent of unsaponifiable 
matter. 
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difference. This method must be rejected as leading to erroneous 
results in many cases ; the unsaponifiable matter should be determined 
direct by extraction with a solvent (Vol. I. Chap. IX .). 2 

Another error committed by some analysts is to return the 

unsaponifiable matter ” as mineral oil, a misnomer which may lead 
to considerable loss to the user of the oil. The unsaponifiable matter 
should only be returned as mineral oil, when the detailed examination 
warrants such a statement. Even if the unsaponifiable matter be 
liquid or fluorescent (cp. Chap. XVI., “ Distilled Grease ”), it must not 
be judged to consist of mineral oils, as the hydrocarbons formed by 
destructive distillation of wool fat 1 have the same appearance. In 
case wool fat hydrocarbons be present, they will show the isocholesterol 
reaction (Chap. III.). It should be noted that since the Fire Insurance 
Offices fix their rates according to the amount of unsaponifiable matter, 
rosin is now added fraudulently. This is detected and determined in 
the saponifiable part (i.e. soap solution) as described in Vol. I. Chap. X. 

The liability of an oil to “ gum ” after exposure oil the fibre may be 
approximately determined according to Gill and Ship pc 3 by observing 
the increase in viscosity after heating the oil exposed in a thin layer 
to a current of air. 

The determination of the Hash point is carried out ns described, 
p. 7 1 . The flash point of a wool oil should not be below 170° C. (340° F.). 

A rapid method of determining the relative liability of wool oils to 
spontaneous combustion is afforded by using Mackey's ‘ ‘ Cloth Oil 
Tester.” 

This apparatus (Fig. 7) consists essentially of a cylindrical metal 
water-bath, provided with a lid having a nozzle for inserting a ther- 
mometer, and fitted with two tubes A. and It for air currents which 
pass through the cylinder in the directions of the arrows. Inside the 
apparatus is placed a cylinder C of wire gauze, containing a ball of 
cotton wool oiled with the sample, under examination. To perform 
the test weigh out 14 grms. of the sample into a shallow dish containing 
7 grms. of clean cotton wool. Tease out carefully the cotton wool by 
hand, so that the oil is thoroughly distributed throughout the mass. 
This teasing and incorporation of the oil with the cotton must be done 
with the greatest care, as the success of the experiment depends on 
the even distribution of the oil. Transfer the oiled cotton wool to the 
cylindrical cage C, holding the thermometer in its place, whilst the 
cotton wool is being packed around it. Bring the water in the jacket 
to vigorous boiling, place the cage in the air-bath, slip the lid down 
over the stem of the thermometer, and fix it in its place 4 by means of 

1 Cp. Lewkowitseh, Joarn. Sac. Chan. hid. , 1892, 142. The importance of this 
question with regard to insurance risk has been clearly stated in a paper by Mackey 
read before the Insurance Institute of Yorkshire. Cp. The Textile Manufacturer , 
1894, 18. 

The determination of free fatty acids is of minor importance. Cp. however 
Richardson and Jaflc, Jaunt. Mac. (’hem. lnd. t 190f>, 6!M. 

;! Jcnrn. Tad. Kay. (Jhem., 1911, 72. 

4 The thermometer provided with the apparatus boars a red mark on the stem ; it 
should be so fixed that the red mark is just visible. The apparatus is supplied by 
Reynolds and Branson, Leeds. 
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the clamp I). Keep the water in the bath boiling, and note the tem- 
perature after the lapse of one hour. Care must be taken that no 
moisture enters the air-bath. 

If the thermometer registers over 100° C. at the end of the first hour, 
the oil under examination must be considered as dangerous. In the 



case of very dangerous oils the temperature will run up to 200° C. 
within one hour and a half. Should the temperature rise very rapidly 
above 150° 0., it is best to withdraw the thermometer, as the oiled 
cotton wool may ignite. 

The following table contains the results of a number of experiments 
carried out by Mackey : 1 


1 Joutii. Sue. ('he iii . I ml., 189b, 90. Similar but very rough experiments were made 
before him by (Jelludy (1X74) to test the liability to spontaneous combustion of 
lubricating oils. Cp. also Kissling, Juimi. Sue. ('hem. huh, 1895, 479. 


[Table 
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No. 

Substance. 

Tempera- 
ture in 

1 hr. 

Tempera- 
ture iu 

1 hr. 15iri 

Tempera- 
ture in 
i hr. 80 m 

Tempera- 
ture in 

2 hrs. 

Maximum. 

1 

Cotton seed oil 1 

"C. = ”K. 

°C. =*K. 
242 = 4(18 

C. = K. 

V. - T. 

C- - T. n.ii. 

2 

>» .. 

121 = 250 

242 = 468 

282 = 540 


284 -543 1 35 

3 

4 



1 2S = 202 
124 = 255 

212-414 

210- no 

225 = 437 


225 = 437 1 30 
948 = 478 1 35 

6 

ft }% 

116 = 241 

192 = 378 

200 = 392 


200 = 892 1 30 

<3 

p n « • • * 

118 = 241 

191=376 

202- 396 


202 = 396 1 30 

7 

i) ii 

117 = 243 

190 = 374 

194 = 381 


194 = 381 1 30 

8 

Olive oil fatty acids 

112 = 234 

177 = 351 

204=399 


211=412 1 45 
196 = 385 1 25 

9 

114 = 237 

177 = 351 


10 

„ ,, 

105 = 221 

165 - 329 



293=559 1 55 

11 

Whito Australian Oleino .... 

102 = 210 

135- 275 

208=406 


226 -439 1 45 
230; 446 1 45 
21 1 =466 3 25 

12 

103 = 217 

115 = 239 

191 =376 


13 

Olive oil (containing 1% free fatty acids) . 

98=208 

102-216 

104 = 219 


14 

Oleine 

98=208 

101 = 214 

102=216 


110 = 230 2 8 

15 

07% Oleine « 

98 = 208 

100 = 212 

102 = 216 


172 = 342 3 15 

10 

Belgian Oleino 

98=208 

99-210 

100 = 212 


173 = 343 3 16 

17 

Olive oil (neutral) 

98 = 208 

100=212 

101 214 


235 = 455 5 15 

IS 

,, 

97 = 207 

100=212 

101 -214 


228 --442 4 30 

19 

Cotton seed oil 

97=207 


101 -214 


235 455 4 55 

20 

139=282 



200 = 392 1 4 

21 

Olivo oil 1 

99 = 210 

i6i - in 

102 = 216 

103 = 217 

113 = 235 4 30 

22 

Mixture of 50?( of No. 20 and 50;' of No. 21 . 

102 = 216 

117 = 243 


200 - 392 1 29 

23 

25 „ „ 75 „ . | 

99 = 210 

105=221 

112 = 231 


200 -392 1 52 

24 j „ 10 „ „ 90 „ . | 

99 = 210 

102=216 

105 = 221 

281 

200= 392 2 9 


The method described being a comparative one, 2 the directions given 
must be strictly followed. It will be found useful, before examining 
a sample, to test pure olive and cotton seed oils as representatives of a 
safe oil and a dangerous oil respectively. 

The author has worked very extensively with this “ Cloth Oil 
Tester, and can recommend it as being a very useful instrument. 
Less simple is the apparatus described by Richards . 3 This consists ol‘ 
an outer shell formed by a 6-inch wrought-iron tube, closed at each end 
by a removable disc of wood. Into this tube is inserted an inner 4-inch 
tube of sheet-iron, with an overlapping metal cover at each end. Thus 
there is left an air space of 1 inch round the inner tube and of 3 inches 
at each end. The apparatus is placed on a tripod and heated by a 
Bunsen burner. Three thermometers, which are inserted into the 
inner shell through the outer one, allow the temperature to be read olL 
To test an oil, 50 grms. are evenly distributed over 50 grms. of 
cotton waste ; the waste is carefully pushed into one end of the inner 
tube, and a thermometer inserted into the middle of the ball. A second 
ball of unoiled waste is placed similarly at the other end of the tube. 
On heating, the thermometer inserted into the blank waste should not 
rise above 100°-101° C. ; this can be easily controlled by the reading 
of the middle thermometer. The latter should be kept at about 125° C. 
The results obtained with this apparatus are stated to have been useful 
for ascertaining the cause of fires and for gauging the degree of safety 
of oils. Furthermore, the percentage of fatty oil which may be safely 

1 Linseed oil and also maize oil would, of course, “(ire ” much sootier. 

“ In order to obtain more uniform results, Arclibutt ( Jouni . Stir. <Jlmn. I tt <(. , 1899, 
317) recommends the passing of a regulated current of air, two litres per minute, through 
the, apparatus (Fig. 08) down the tube 13. 

3 Journ. Sue. Chevt. Ind, 1892, 547. The apparatus is also known as firdwn/’s; 
cp. also Dennstedt, Bcrichte, 1911, 20. 
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mixed with mineral oil was thus determined. The experiments showed 
that neat’s foot oil and best lard oil may be mixed with mineral oil to 
the extent of 50-60 per cent of the latter, while in the case of cotton seed 
oil the limit of safety was reached at 25 per cent. 

Gill 1 proposed a modified Ordway 2 apparatus by using a 4-inch 
jacketed tube. The jacket is filled with water and heated by a flame 
until 15 lbs. pressure is marked, so that the blank waste attains a 
temperature of 100° 0. The cotton waste is confined in wire gauze 
cages, and after the temperature has reached 125° C. a blast of air at 
a pressure of 7 lbs. is blown through the apparatus at the rate of 0*4 
cubic feet per minute. The results obtained by the three apparatus 
are shown in the following table : — 


Comparison of the Various Apparatus for the Spontaneous Combustion 
Test of Oils 



Mac. toy Apparatus. 

Ordway Apparatus. 

Gill’s Apparatus. 

Oil. 







Temp. 

Time. 

Temp. 

Time. 

Temp. 

Time. 

Olive, containing 5 -3 

•c. 

Mins. 

•c. 

Mins. 

“O. 

Mins. 

per cent of free fatty 
acid ; iodine value 85 '4 

284' 

130 

222 

180 

186 

205 


280 

130 

150 

300 

196 

190 






221 

260 

Lard, containing trace 







of free tatty acid ; of 
iodine value 75*2 

234 1 * 3 4 

80 

200 

150 

192 

185 


234 

75 

215 

290 

197 

230 






220 

220 

Oleine 

Oleic acid of iodine 



178 ‘ 

165 

195 

860 

value 60*5 

113 

150 

178 

120 


■ ... 

1 

1 

158 

188 

275 

190 



Cotton seed, practically ■ 







neutral ; iodine value 
108*9 

234 :J 

70 

186 

; 135 

200 

225 


234 s 

75 

200 

1 280 

198 

265 

Linseed, practically 







neutral ; iodine value 
168T 

234 

65 

160 

120 

201 

165 


234 

75 

218 

240 

192 

130 

25° Parailin ; iodine 







value 16’2 

97 

135 

... 

1 


102 

280 


1 Journ. Soc. Chnn. hut, 1907, 185. 

- Ibid., 1892, 517. The apparatus is also described as Richards . 

3 This was as high as the thermometer furnished with the apparatus would indicate ; 
other temperatures represent the maximum temperature attained. 

4 Not the same sample as the others. Other figures were: 200° in 150 minutes, 
174° in 180 minutes, 201" in 195 minutes. 
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■ It will be seen that Mackey's apparatus gives the most concordant 
results in the shortest time. 

In the following table are collated a few analyses of soma distilled 
oleines from “ recovered grease,” which are used as wool oils : — 


Wool Oils — Distilled Oleines from Recovered Grease 1 


Flash Point. 

Specific 
Gravity at 
15-5- 

Free Fatty 
Acids. 

Unsaponiflable. 

Neutral Wav. 

Observer. 

° F. 


Per cent. 

Per cent. 

Per cent. 



0-8894 

77 '2- 

26-8 


Allen 


0-9083 

5.5-3- 

35-9 

11-6 

Lcwkowitsch 

• 


54-9 ;! 

34-5 

11-28 4 

838 

0-9031 

55-02 

34*66 


Hurst 

342 1 

0-8980 

56-26 

29-46 


M 

322 

0-9050 

53-65 

16-32 




0-9000 

59-83 

88-92 




0-9091 

81-42 

9-95 



416 

0-911 


41-7 


Hess 


0-9060 

4 1*5 5 

57 *7 

- 

| Mareusson 7 

I 

at 15" 




| 


A few analyses, due to Mackey, of low-class wool oils are collated 
in the following table : 


Description. 

Flash 

Foint. 

Moisten 1 . 

“i 

U usa pout - 
liable. 


0 F. 

Per cent. 

Per cent. 

Brown oleine, compound oil of English distilled 



12-95 

and foreign oils 

396 

0-77 

Brown foreign oleine, Belgian . . 

Brown “ oleine cloth oil,” “ manufactured ” 

354 

0-75 

18-69 

349 

0-04 

25-58 

“Black oil,” recovered after using foreign and 
English distilled oleines (flannel district, Lan- 

367 

1-27 

29 65 

cash ire) 

“ Brown grease,” recovered after using Gallipoli 


1-07 

29-77 

oil 

419 

Distilled oleine from brown grease and once 



37-19 

recovered olive oil 

342 

077 

“Black oil,” recovered after usingoleinuand better 
class “cloth oils” (half “ seek,” 8 halt waste) 


1-11 

38-50 

369 

Brown oleino, distilled from brown grease . 1 

338 

0-69 

52’35 

“ Black oil,” recovered after using recoverod and 
low cloth oils (from waste) .... 
“Brown pulling oil” (for rags), brown grease 
and hydrocarbons . . • . • 

331 

0-67 

67-30 

374 

0-74 

78-25 


A more complete series of analyses of some commercial wool oils 
carried out by the author is given in the following table : 


» Cp. VoL 1. Chair XI. ills l V..1- III. (huip. XVI. * Catalan, 1 as okfc *M. 

Mean molecular weight 286. ■ , 

4 Consisting of 7 '02 per cent of fatty acids and 4*26 P«* cent of comhined alcolioK 

3 Iodine value 35-2. mean molecular weight 27«. 

« Consisting of 52 '7 per cent of hydrocarbons and .» per cent of alcohols. 

7 Mill. Kon igl. Vers., .Install , Berlin, 1903, 48. 

M Cp. Chap. XV f. “Seek Oil.” 
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u Emulsion W ool Oils. — - These are largely used* on the Continent, 
and also in this country in the manufacture of worsted goods, the chief 
advantage claimed for them consisting in that they are readily renfovcd 
from the fibre. They are prepared by thoroughly intermixing neutral 
oils and oleic acid with aqueous ammonia or an aqueous solution of 
sodium carbonate. Practically, they consist, therefore, of an emulsion 
of oil and soap solution (cp. “ Emulsified Oils ”). In some cases 
mixtures of sulphonated castor oil and oleic acid are used, neutralised 
with alkali. 

Since many emulsion oils of this class part with the neutral oil on 
slight dilution with water, some manufacturers add gum or gelatin-like 
substances. These are detected by adding strong alcohol, which 
precipitates them. Also decoctions of carragheen moss. “ alginic: ” 
acid, and other “ emulsifiers ” (see “ Emulsified Oils ”) have been 
proposed for the same purpose. (Textose and Sontose.) The following 
table (p. 106 ) contains the analyses of several “ emulsion wool oils ” : — 


[Table 
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Glycerin 
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EMULSIFIED OILS AND FATS 

With a view to producing emulsion wool oils which remain clear 
even on being strongly diluted with water, use is made of the property 
of dilute castor oil soap and sulphonated castor oil solutions (see p •] 1<>) 
of holding neutral oils in solution. Hence a number of preparations 
are m the market which consist either of castor oil soap containing 
unsaponified castor oil 1 or oleine 2 or sulphonated castor oil, 3 completely 
or partly neutralised with ammonia and (or) a fixed 'alkali 4 (cp. 
“ Turkey-red Oils,” below). For emulsion oils prepared from castor 
oil soap and carbon tetrachloride and other chlorinated hydrocarbons 
(Vol. II. p. 22) see Textile Soaps,” below ; for emulsion oils from 
soap solutions and wool fat cp. Hutchinson, English patent 15,211, 19 (H). 

Whereas no serious objection may be raised against the preparations 
mentioned in the last lines, emulsion wool oils prepared from sulphonated 
cotton seed oil 5 or other semi-drying or drying oils, or even from 
sulphonated oleic acid (see “Turkey-red Oils”), cannot he considered 
suitable for oiling wool. Emulsion wool oils containing a considerable 
amount of rosin adds or rosin oil have also been patented. These, 
preparations fall under the strictures mentioned p. 97, and need not, 
therefore, be considered here. With regard to emulsion oils containing 
mineral oils, see the following section, 6 “ Emulsified Oils and Fats.” 


VI.— EMULSIFIED OILS AND FATS 

French — Huiles et Groisses emnhionnees. Herman- -Fmuhjierte 
die und Fade. 

Tinder this heading is comprised a group of widely different com- 
mercial preparations which fall only to some extent under section A of 
this chapter. Indeed, they include products which are dealt with as 
manufactured products under the sections B and 0. Of necessity, some 
of the preparations to be mentioned have already been described in the 
preceding sections of this chapter (c.y. under the heading of “ Solidified 
Greases ” and “ Emulsion Wool Oils ”). It appears convenient to 
review all these products in this section, and to refer the reader to the 
subsequent sections of this chapter with regard to those constituents 
which must be considered later on more fully. 

The characteristic feature common to all true, i.e. permanent, 
emulsions prepared from oils and fats is, that they contain notable 
amounts of water. 7 Mere mechanical intermixing of refined oils and 
fats with water will not produce emulsions, however intimate the contact 

1 Cp. English patent 7231, 1905 (Riep and Bauer). 

2 English patent 7491, 1901 (Sella). 

3 German patents 113,433, 126,541, 159,220, 169,930 (Stockhausen). 

4 English patent 23,768, 1906 (Common and The Hull Oil Manufacturing Company). 

5 English patent 24,135, 1906 (Ermen). 

6 Cp. also English patent 13,580, 1905 (Fell ; from E. Korndocrfer). 

7 Here it is intended to deal with true emulsions only ; in a wider seusc ointments 
and salves made up from oils and fats may also he termed “solid emulsions, but they 
fall outside the scope of this work. With regard to cod liver oil emulsion, cp. p. 59. 



108 TECHNOLOGY OF MANUFACTURED OILS, FATS, AND WAXES <m. 

of the fatty substances and the water may be made. After the mass 
has been allowed to rest a short time, separation into two layers will 
take'place. The oils <and fats separating on the top retain only traces 
of water, and they do not exhibit the characteristic properties of an 
emulsion. 

Apparatus for the production of emulsions has been patented by 
Schroder 1 and also by Sheans . 2 * 4 

In order to produce an emulsion, it is essential to introduce into the 
mixture of oils (and fats) and water a foreign substance, however small 
its quantity be. Such substances act as emulsifying agents, and are 
therefore termed “ emulsifiers.” The important part which emulsifica- 
tion plays in the practice of the oil and fat industries has been pointed 
out in Vol. I. Chap. II. of this work. Further theoretical :1 considera- 
tions on the nature of emulsions fall outside the scope of this work, as 
only the practical aspect of the question with regard to oils, fats (and 
waxes) can be dealt with here. It must therefore suffice to enumerate, 
the several emulsifying substances that are used in practice, and in 
connection therewith to point to those commercial products which fall 
under this heading. 

One of the best emulsifiers for oils and fats is In the manu- 

facture of margarine extensive use is made of milk, its employment in 
this industry having been naturally suggested by the mode of occurrence 
of butter fat, its prototype. (Therefore butter and margarine are 
nothing else than emulsified fats.) Another important emulsifier 
mentioned incidentally in the preceding pages is represented by soap 
solutions, which constitute, as it were, the binding agent in the “solidified 
oils ” and “ solid lubricants ” described above. 

Whereas in the last two cases the soap, being used in a concentrated 
solution, may appear to merely act mechanically, the true emulsifying 
property of soap solutions becomes more apparent in the “ emulsion 
wool oils ” (see p. 105), and is especially demonstrated by the action of 
soap when being used as a washing and scouring agent. 

The addition of decoctions of carragheen moss, 5 of gelatine, glue, etc., 
assists the emulsifying action of soap as such, by introducing another 
colloid into the mixture, whereby the coalescence of the oily globules 
is prevented still more effectively. 

The property of soaps (soaps of fatty acids, as also soaps of rosin 

1 German patent 204,0*31 ; Risberg, German patent 222,529 ; M C U. Lewis, Zcits.f. 
dim. n. hid. tl Kn/lnhk, 1909, 211. 

- English patent 12,700, 1900. 

:! Cp. Pickering, Trims, Chan. Sac., 1907, 2001 ; Lewkowitsch (in discussion of this 
paper). Proceed in i/s Chan. Sue., 1907, 250. .1. Duelaiix, .hunt. ('him. phys. , 1909 
(vii.), 405 ; C. It. Marshall, Charm. Jonrn., 1909 (28) 257 ; Spring, Per. Tear. ('him. des 
Pays- li/ts, 1909, 12; Domain and Potts, /cits./. Kolhnde , 1910, 209; Robertson, 
/cits. Chan. Ind. Kulloide , 1910, 7 ; Ostwahl, ibid., 1910, vi. 108 ; liatschek, ibid., 
1910, 34, 81, and 301 ; 1911, 97, 159, 250 ; Lewis, ibid., 1909, 211 ; Bancroft, Jonrn. 
Phys. Che m., 16, 177 ; Member and Maury, Collegium, 1910, 277 and 285 ; Bingham 
and White, Journ. Anier. Chan. Sac., 1911, 1257 ; Ellis, Zeds. f. Physiol, ('hem., 1911, 
321 ; 1912, 321. 

4 For machinery see above, “Margarine,” p. 28. 

5 The addition of formalin to such decoctions is patented by the Arabol Manufactur- 
ing Co., French patent 404,059 ; English patent 14,il9, 1909 ; German patent 231,449. 
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acids) of emulsifying not only fatty oils and fats, but also mineral oils 
and mixtures of the substances named, is extensively employed in 
the preparation of the “ lubricating greases ” detailed above. Notable 
in this respect is the emulsifying power of lime and zinc, soaps. 

The property of oils and fats of becoming emulsified by the act ion 
of alkalis must be ascribed to the production of soaps by their aid, 
Their formation may be due either to the neutralisation of small amounts 
of free fatty acids, always present to some extent in commercial oils 
and fats (in which case alkaline carbonates suilice to produce a thorough 
emulsion ; op. “ Toimiant Oil,” Vol. II. p. 346), or (and) to the saponi- 
fication of the oils and fats in the presence of caustic alkali thus leadin'' 
to local formation of soap, which envelops as yet unattached glycerides^ 
and by twinging thereby free caustic alkali into more intimate contact 
with glycerides, produces slight hydrolysis, and subsequent, neutralisa- 
tion of the free fatty acids formed. 1 

The emulsified oils and fats belonging to this class occur very 
frequently in practice. They are prepared by dissolving the desired 
quantity of oils in potash-, or soda-, or ammonia- soaps (made from fatty 
acids), or in soaps of sulphurised fatty acids, or rosin acids. 

Of late the tendency to produce fluids retaining in solution mineral 
oils, as also tar oils (especially phenols), even after a considerable 
amount of water has been added, has led to a considerable extension 
of this branch of the oil and fat industry. (Naturally the dilution with 
water must not be carried too far, for when the point of physical stability 
of the homogeneous solution is disturbed the addition of water will 
throw the oils out of the solution.) Lubricating oils belonging to this 
group, as also those wool oils which contain mineral oil or rosin oil, etc., 
have been described already. Further examples are the lubricants 
used in cutting and boring steel and iron. At first aqueous soap solutions 
were used, much as soap solutions were frequently used as a lubricant 
(and are still being used in the case of new machinery, the hearings of 
which are not yet running true). These were found to possess the 
drawback, not only of causing rusting, but also of lacking sufficient 
“ body ” ; therefore recourse was had to emulsification with mineral 
oils. 2 To this class belong also the dust-laying oils, 3 which consist 
chiefly of dilute soap solutions holding mineral or tar oils in emulsion 
(“ westrumite,” “ standutin,” u antistoff,” and “kiton”), 4 and also 
those fluid emulsions which are used as disinfectants. The latter are 
mainly potash soap solutions by which cresylic acids (also carbolic acid) 
and neutral tar oils have been emulsified ; they permit of moderate or 
even considerable dilution with water before the emulsified oils will 

1 Chan. Westewl, United States patent 1,012,915 ; J. II. .Smith, French 

patent 44(5,570 ; Pet roll, French patent 452,054. 

3 Chan. Fab., Westewl, English patent 6825, 1912. 

Cp. German patent 158,244. Cp. R. Heise, A rb. a. a. K. Rcichz<je*\indheiUamtv, 
1909, xxx. 93; Wallhamn, English patents 28,178, 1910 ; 23,468, 1911 ; German 
patent 248,084 ; Calvert, Ascherslehen and Jeroc. German patent 254,263 ; Kaliwerke, 
Aseherslehen, English patent 3515, 1911 ; Kreneh patent 425,833; Kasehig, Zeds. j, 
any cu\ Chan., 1910, 973; Kripke, Gorman patent, 236,251 ; Grosser, German patent 
235,593. 

1 Rasohig, He*. -Tuff., 1910, 703. 


1 
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separate. 1 Donmn and Potts 2 found by determining the amount of oil 
which can be emulsified with soap solutions that the sodium salts of 
the tower fatty acids gave no emulsion, even capric acid yielding only 
a very thin emulsion. The addition of montan wax to emulsions is 
claimed to render the emulsion of soap capable of taking up larger 
quantities of petroleum. 3 To this class belong also fat liquors used in 
tanneries (see Vol. II. p. 486), which consist of the alkali salts of 
sulphonated fatty acids with fatty or mineral oils. 4 

A very powerful emulsifying agent is obtained by the interaction 
of concentrated sulphuric acid with fatty oils and fats or their fatty 
acids. As may have been gathered from Yol. I. Chap. II., an endeavour 
has been made by the author to base the explanation of the rationale 
of the “ sulphuric acid saponification ” on the action of the emulsifier : 
svlpho-compound of the fats and oils or of their fatty adds. 

Nearly related to these sulpho-compounds, if not identical with 
them, are the “ sulphonated oils ” 5 (sec below), a typical representative 
of which is Turkey-red oil. 6 The emulsifying properties of these sul- 
phonated oils are also made use of in the preparation of some “ wool 
oils ” and of “ sheep dips.” 

The “ Twit eh ell reagent ” represents a sulpho-aromatic compound 
possessing an extraordinary emulsifying power. The author has 
shown (Chap. II.) that emulsifiers, similar in composition to the sulpho- 
aromatic compound of benzene and oleic acid, and made with the aid 
of naphthalene, anthracene, and phenanthrene, have equally strong 
or only slightly inferior emulsifying properties. 

In a lesser degree than sulphonated oils, but still to a very notable 
extent, oxidised oils and fats possess the property of acting as emulsifiers. 
This property is most pronounced in the oxidised oils derived from fish 
and blubber oils. Indeed, all the preparations described under the 
heading “ Degras ” and “ Stuffing Greases,” Chap. XVL, are practically 
semi-solid emulsions ; they seem to owe their property, viz. to remain 
permanent emulsions, to those oxidised oils and fats which are formed 
in the process of making “ degras.” 7 Emulsions prepared with the aid 
of oxidised oils have been claimed as advantageous for the manufacture 
of paints by Parrot . 8 

Special advantages have; been claimed for the amides of higher fatty 
acids. 9 According to Siemse/n , 10 there can be produced, with the aid of 

1 Albert nurt Herein!, German patent 250,275 ; Wallbaum, German patent 248,793. 

2 Zeils.J'. Chew. a. hid. d. Kolloule , 1910, 208. 

:t Cassell, English patent 14,844, 1910. 

4 Tluiau, Collegium; 1913, 219 ; Kramer, Cltrni. Jinute f 1910, 1308. 

5 Laroche et Jnillarrt, French patent 401,704 ; English patent 17.(555, 1909. 

6 Cp. German patents 1(56,935 (Kimick) ; 197,400 (C. H. Meyer) ; 204,906 (F. W. 
Klever) ; English patent 16,969, 1907 (L. E. Common anrt Hull Oil Manufacturing Co.); 
Arlertter, English patent 12,037, 1911 ; F. Erban, Zcits. f, angem. C/wiii., 1909, 55. 

7 Cp. German patent 195,410 (J. Lund) ; English patent 11,121, 1908; French 
patent 390,497 ; German patent 206,305 (Hubert) anrt German patent 204,90(5, being 
addition to German patent 174,906. Cp. also under “Derivatives of fatly acids.” 

8 French patent 373,904 (void for non-payment of fees, see Client. Zeil., 1912, 1062) ; 
Possanner, Papier Zn it., 1910, 3016, United States patent 757,948. 

9 French patent 343,158. 

10 German patent 188,712. The corresponding English patent is taken in the name 
of O. A. H. H. Rosters (English patent 4688, 1906). 
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,the amides of oleic acid and steavic acid, as also of the acidyl derivatives 
of organic bases (such as stearo-anilide, ricinolcic anilide, stearo- 
toluidide, stearo-xylidide, etc.), oil and fat eimilsions which may contain 
any desired proportion of water. To prepare them the amides are 
boiled up with water, and the oils and fats are gradually introduced ; 
at the same time a small quantity of alkali salts of higher fatty acids is 
added. (It would thus appear that the presence of soap is required.) 
The emulsions so obtained are stated to be free from the drawback 
which attaches to emulsions made with the aid of soap only, viz. that 
of separating into two layers on being warmed, or when mixed with 
glycerin or anv other substance which raises the specific gravity. It is 
claimed that such emulsions remain stable even at a temperature of 
100° 0. (With regard to the process of manufacturing these, amides 
see below, “ Fatty Acad Industry.”) The presence, of fatty amides 
may be shown by treating the substance with caustic alkali and distilling 
off the ammonia formed, as in KjeldahVs method. If stearo-anilide is 
present the alkaline solution must be distilled in a current of steam. 

Besides those mentioned above, a number of other emulsifiers 1 have 
been proposed, notably those mentioned already under “ Margarine, ’ 
viz. yolk of egg, 2 lecithin, 3 and cholesterol. 

The great emulsifying power imparted to mixtures of oils and fats 
by the addition of wool grease or wool fat will be more appropriately 
considered in the section “ Technology of Waxes ” ; preparations con- 
taining wool fat have been mentioned already incidentally under 
“ Greases ” and “ Emulsion Wool Oils.” Very likely it is due to the 
fact that wool fat possesses considerable emulsifying powers that some 
inventors claim cholesterol and even ceryl alcohol, typical constituents 


of wool fat, as emulsifying agents. 4 . . 

The* manufacture of emulsion requires only simple machinery. In 
fact, any vessel provided with agitators geared up to a high speed will 
be found satisfactory (op. “ Margarine ” and u Manufacture of Lubricat- 
incr Greases”). Pirsck* suggests for this purpose the employment 
oAnieotors ; the Swedish “ Aktiebolaget Separator ” has patented a 
number of centrifugal emuW There appears, however, to be no 
need for elaborate apparatus of this kind. 


Frequently the problem arises to •• break-'’ C‘ ilc-euiulsify ) 
emulsions which have been obtained unwittingly, as ill he 
refrain* rancid oils and fats, where the soap formed m neutralising free 
fattjMMJub* leads to persistent emulsions. Intimate emulsions are also 

. op. c. o. ... .a„ * ^rrhriiT:;. 

(pyridine, quinoline) ; also .upon... tsec \ ol. I. ( "■> 

been recommended. 1710 inot;. 

: W«n,er, (lernnui Ira.i I ! patent 172 . 7 :, 8 : J. H- !-»•« »«-{ 

•‘ Samson, I'lmui. /uL.l.m H, s „ 5 |j|wr im ,i Hatik (Herman patent 

F. Oeplmrt, Jnani. Amrr. ( hem. * . . from dedyeerides and plto.sphoric :u id, 

193 . 189 ) Haim ns an emulsifier a pro, urt I" * 11 , ™ ‘ all ,i V„l. I Chap. I. 

in short, an artificially prcpaml ledtimn V- ■ '■ ' ’ 

4 ArellemlorlT and Kopp, ‘.P. 1 " 1 ".' [. 17071; 1907 . 

5 Fr<! “ c ' 1 l mte,,t f V'lfti oiT oOl'oM tw. Vi. Schrocier) ami p. 28 . 

« Op. German patents 204 , 0 b 1 , ^ 
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frequently formed in residues (“ foots ”) from expressed oils, especially 
in the case of oils obtained from fruits, such as olive oil. Thus the 
finariy expressed olive pulp ( crasses d’huile d’ olive) consists of an intimate 
mixture of pulp and water, which holds the remainder of the olive oil 
in so intimate an emulsion that it cannot be recovered by expression ; 
if recourse cannot be had to the extracting of the residue with a volatile 
solvent, preceded by drying to remove the water, treatment with strong 
sulphuric acid is resorted to 1 (although this necessarily leads to the 
destruction of some of the fatty material). The same agent is used in 
breaking the emulsion obtained in the “ fermentative process 55 of 
preparing “ Fatty Acid Soap Stock ” (see below). The problem of 
separating emulsions attains great importance in the case of condensed 
water from steam engines, where a small amount of oil in an extremely 
finely divided condition has to be removed from a large bulk of water. 
This has been done by Hatsckek 2 by filtering the oil-containing water 
over calcium carbonate, which has the property of retaining small 
quantities of oil. The separation of oil from condensed water has also 
been done by passing an electric current through the water using an 
anode of ferrous carbonate. 3 

No general rule can be laid down as to what means must be used 
to “ break ” emulsions, 4 but, in general, it will be found that either heat 
assisted by agitation, or addition of acids, or of easily soluble salts, 
will produce the breaking up of an emulsion. In emulsions where the 
colloid is white of egg or albuminoids of a similar nature, separation 
may be obtained by the addition of formaldehyde. 5 According to 
Fanto and Strifar , 6 separation can be effected by passing an electric 
current through the emulsion. Up. also Frye, Vol. 11. p. 777. 
Fmmius 7 tries to break the emulsion of cocoa nut oil and dilute soap 
solution by applying an inert gas under pressure. (Up. also Vol. I. 
Chap. VI. under “ Unsaponifiable Matter. 55 ) 

In analytical operations emulsions are broken by judicious admixture 
of alcohol, ether, caustic soda solution or salt solutions. For the 
filtration of colloidal solutions Schoep 8 claims that the addition of 
glycerin to the ether alcohol solution of nitro cellulose produces a 
membrane which permits of much greater rapidity of filtration. 

A curious patent claiming the treatment of oils and fats, with oxygen, 
ozone, or nitric acid, so as to render them practically non-emulsifiable, 
has been taken out by M. Bergen? 

1 Cp. also 11. Bernard, French patent 1325, 966. 

2 English patent 26,228, 1908. 

Goodwill and F.llis, C/iem. Zeit. , 1910, 724 ; op. also Hatschek, Joimi. Sac. Cliem. 
Ind., 1910, 125. 

4 Cp. Ronton x, Lm Mali Pres grasses, 1911, 2119. 

3 Rost. French patent 440,474 ; German patent 251,848. 

6 Joum. prakt . Clum., 1910, 564. 

7 German patent 171,668. 

s Bull. Soc. Chun. Bi'hj.< 1910, x\iv., 354. 

,J French patent 37-8,706. 
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B— INDUSTRIES IN WHICH THE GLYCERIDES UNDERGO A 
CHEMICAL CHANGE, BUT ARE NOT SAPONIFIED • 

These industries involve operations in which the glycerides undergo 
a more or less pronounced chemical change without, however, being 
broken up into their constituents— fatty acids and glycerol. The 
subject matter will be considered under the following heads 

T. Hydrogenated oils and fats. 

JI. Iodised, brominated, chlorinated, sulphurised oils and fats. 

UT. Polymerised oils. 

IV. foiled oils. 

V. Oxidised oils, Ozonised oils. 

VI. Vulcanised oils. 

VII. Nitrated oils. 

Vlll. Sulphonated oils, Turkey-red oils. 

' I. HYDROGENATED EATS, HARDENED EATS 

. The production of solid fats from liquid oils by the direct addition 
of hydrogen to the glycerides of the unsaturated fatty acids has now 
become a commercial process, and a, very large amount of oil is so 
hardened annually. 

Previous to the publication by Sabatier and Senderena in l U00 of 
their researches on the action of metallic catalysts, attention had been 
directed principally to the hydrogenation of the fatty acids as oleic acid 
.’see under “ Conversion of Oleic Acid into Candle. Material,”), few 
attempts being made to hydrogenate the glycerides. Since, however, 
it has been shown that unsaturated fatty acids in the combined state 
will take up hydrogen in the presence of metallic catalysts, a great 
impetus has been given to this branch of technical chemistry, and a 
large number of processes and catalysts have been devised for this 
purpose. Among the earliest patents taken out in this country is that 
of Nor man n } Sabatier and Seuderetis 2 state that the vapour alone of 
the unsaturated body to be hydrogenated must come into contact with 
the catalytic material. Endowing on this observation, Bedford 3 sprayed 
the oleic acid mixed with hydrogen oil to a portion of the catalyst 
which lie kept at a temperature of about 200° C. The mixed vapours of 
partially reduced oleic acid and hydrogen were then passed over a fresh 
portion of catalyst under diminished pressure and dually through a 
condenser. Another process in which the oleic acid is vaporised is 
that due to Schwoerer . 4 Processes in which the unsaturated fatty acids 
arc first converted into vapour are attended by the disadvantage that 
hydrocarbons may be formed by the degradation of the fatty acids, 
and also polymerisation products may result. These processes cannot, 

1 English patent 1515, 1903. 2 Ann. tic, client. phys ., 1905, 335. 

;l English patent 9112, 1908. 4 German patent 119,909. 
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thcreAte, be 'applied to the hydrogenation of the glycerides which 
caunu; be distilled without undergoing decomposition. 

<F«r the successful carrying out of the operation it is essential that 
the oil surrounding the catalyst be continually replaced, and also that, a 
large surface of oil is exposed to the hydrogen. 

iS. Various types of machines have been used to ensure a thorough 
inWfcixturc of gas, oil, and catalyst . 1 * * 4 5 In order that the reduction 
may Jake place in the shortest possible time— a point of great importance 
in JITS preparation of edible fats, continued exposure of which to a high 
tem mature tends to impair the taste-increased pressure is employed. 

iffcchaiiical stirrers presented the grave disadvantage that leakage 
may occur round the gland and stuffing .box, causing not only loss ot 
hyilBgcn but danger of explosion ; hydrogen at high temperatures 
flTJHiq such an exceedingly mobile fluid that it is extremely difficult to 
pack a gland so that it will not permit the passage of the gas. Calvert 
has overcome this difficulty, by enclosing the motor driving the stirring 
near in a water-cooled chamber situated above the surface of the oil 
and exposed to the gas, so that no moving parts pass through the shell 

l\ial and Roth hydrogenate in the cold by the use of collodail 
(wMDium. Platinum has also been proposed;' but this is more 
.aauiiltive to poisonous influences than is palladium' (cp. Vol. i. p. o. L 
Otm- metals which have been proposed for use as catalysts are iron;' 
cop Bpr, vanadium , 6 7 8 9 osmium , 1 ruthenium, K and beryllium. The catalyst 
which finds most, employment on a commercial scale is, however, meke , 
coindining, as.it does, low initial cost with great efficiency It is used 
etJRSr as a finely divided metallic powder (the use of nickel m the foim 
of wrtremely thin sheets has been patented »), oxide 10 suboxide, or in 
or* to increase the contact, surface it is deposited on au inert suli- 
«M»e like carbon “ or kieselguhr . 18 Other salts of organic acids which 
hav* been proposed are the formates, acetates, and lactates of coppei, 
irc’ii nickel, and cobalt . 11 * * * Nickel has also been used in the torni of basic 
— t- -i i : ,!, molecular weight . 15 * SchukojJ 16 passes 


.m(S with fatty acids of hi 


I Kavser United State potent 1,004,435 ; Testa, n, English patent 7<Se 1.,l°i 
WilUksehewitscli, French patent 420,343 ; United State patent l,0<#,2il> ; Mil'S Ujihsl 
a*® patents 1,026,166, 1,040,531, 1,040.532. 1, 084,202 ; Humphreys, inited SUt s 
nflt 1,100,735 ; David, French patent 470,392 ; laid, 1 '-nghsh patent 2, .6., 4, l.U- 
^2 lvmipIi natent 468 426 ; English patent 18,350, 1013. 

a C,, SkUa anrw. Ctai, 1913, 601 ; Cl, a,, XHt, 1914, 605 ; English 

iMjart 16,283, 1913. 

4 Wielaml, Berichte, 1912, 2615. 

5 A. G. Miiller, German patent, application, M. 47,644. 

« Hoc. Anon. Conidchn , English patent 5174, 1913. 

7 Hermann and Schick, Archiv d. Vhana., 1914, (252) 208. 

8 Jtttdisrlie Amlin- //. Sodti-Ftdinl'. 

9 Hagemann and Baskerville, United States patent 1,083,930. 

i« Erdmann, Zcits.f. nnynr. Client ., 1913, 606. 

ii Bedford and Williams, French patent 436,29.*. 

Ellis, United States patent 1,084,258. 

k Bremen, Besigheimer Olfabrik, German patent application W . it ,440. 

i ' Wimmer and Higgins, English patent 25,326 1911. 

* De Nordiske Fabriker, French patent 462,90.*. 

n German patent 241,823. Cp. also Lessing, English patent 18,948, 1912. 
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hydrogen containing a small proportion of nickel carbonyl through the 
oil heated to a temperature sufficiently high to decompose the nickel 
carbonyl ; leaving the metallic nickel in a very finely divided ftrm 
disseminated through tin*, oil. Dewar and Licbmaun 1 propa re a catalyst, 
from a mixture containing the oxides, hydroxides, or carbonates of two 
or more of the metals nickel, cobalt, copper, or iron with or without 
the addition of silver oxide, which is then reduced at a low tempera- 
ture. Fox 2 heats nickel carbonate immersed in oil to 2b(J° 0. in an 
atmosphere of hydrogen, until the nickel has been reduced, after which 
the temperature may be allowed to fall. 9 

The nickel catalyst is prepared either by calcining nickel nitrate 
or by precipitating the soluble salts of nickel with alkali, after which the 
insoluble picket salts are washed and ignited at a low temperature, and 
reduced by passing hydrogen over them until water is no longer evolved. 
The temperature at which reduction is carried out varies with the met hod 
of preparation of the oxide or hydroxide:* As a rule, the lower the 
temperature at which the reduction of the catalyst is carried out, the 
higher will be its activity. S enderens and Aboidenc 1 point out that 
reduction of the oxide prepared by the spontaneous oxidation of the 
previously reduced metal, or by gently heating the reduced metal, can 
be effected at a lower temperature than the oxide prepared by calcining 
nickel nitrate and gives a catalyst of a higher degree of efficiency. They 
also state that the exhausted catalyst may be, regenerated by passing 
oxygen over it and finally reducing it with hydrogen. For recovering 
tin* catalyst, a patent has been taken out according to which the spent, 
material is first, ignited to diivo off the organic matter, and the nickel 
oxide dissolved in mineral acids and reprecipitated. 5 W ilbuseltewilsch 6 
extracts the catalyst with a solvent, dissolves the metal in acid, and 
precipitates with sodium carbonate solution. 

The higher the activity of the catalyst, the greater will be its sensi- 
bility to poisonous influences, such as chlorine, arsenic, sulphur, and 
phosphorus. According to Paul and Karl? basic lead carbonate destroys 
the activity of a palladium catalyst completely. Zinc oxide, aluminium 
hydroxide, and ferric hydroxide greatly reduce it, whereas magnesium 
and magnesium oxide were without influence. Similar results have 
been found by Paul and Wind inch 8 for the platinum catalyst. Fuchs ,J 
heats the hydrogen to 200-250° 0. before passing into the oil, and states 
that its activity is increased by exposmg it to the chemically active 
light rays. The activity of the catalyst, and its power of resistance 
to poisonous influences depends, almost entirely, on tho minute 
observance of a number of factors during its preparation. As these 
details are of commercial importance they cannot be given here. 

Hydrogenated fats, particularly those prepared from vegetable oils, 

1 English patents 12,931 ami 12,982, 1913. 

8 English patent 11, M2, 1913. 

:f /{////. Soc. (/Iii hi. i0‘ Frihicr, 1912, 342. 1 l hid., 1912, 343. 

3 A. Jurgens, German patent application, X. 13,90s. 

<! French patent 423,343. 

7 Ikrichtc, 1913, 3039. H Ibid., 1913, 4010. 


!l French patent 458,415. 
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are finding increasing use in the edible fat industry to replace the more 
expensive animal fats in the manufacture of margarine and of lard 
substitutes. Suitably hardened, they should also find an outlet in the 
manufacture of chocolate fats. If the hydrogenation is carried out to 
too great an extent, the fat, owing to its high melting point, would 
probably be indigestible if used alone (cp. p. 19), and would therefore 
have to be brought to a softer consistence by admixture with a liquid oil. 
Since the hydrogenation is also accompanied by the deodorisation of the 
oil, and since, if the operation is carefully conducted, a diminution of the 
taste ensues, it will be preferable to harden the oil only to the desired 
consistence instead of hardening a portion completely to stiffen the bulk 
of the oil. The use of hardened fish, liver, and blubber oils in the edible 
fat industry is looked upon with disfavour by medical opinion in Germany 
and Austria, although, if the oil be prepared from fresh fish or blubber 
oils and well refined, there is no apparent reason why they should not 
be used if the natural prejudice of the public against oils from such 
sources can be overcome. 

Hardened fats intended for edible use should be free from traces of 
metals, for although Lehmann 1 states that no ill effects were observed 
after feeding human beings on hardened arachis, sesame, and cotton 
iseed oils whch contained 01-6 mgr ms. nickel per kilo of fat, too few 
experiments in this direction have been carried out to enable a definite 
opinion to be formed. Processes for preparing edible fats by hydro- 
genation have been patented. 2 An Austrian patent 3 has been applied 
for for hydrogenating fats in the presence of glycerin, whereby it is 
stated that the free fatty acids are converted into neutral glycerides. 
The value of hardened fats in the soap and candle industries is dis- 
cussed below under “ Soap Manufacture ” and “ Candle Manufacture.*’ 

The detection of hardened oils in mixtures presents a very difficult, 
problem. Since all the unsaturated fatty acids containing eighteen 
carbon atoms are reduced to stearic acid, the characteristic difference 
between drying oils and non-drying oils and fats is destroyed, and hence 
the hexabromide test, is rendered nugatory. Erucic acid present in 
rape oil and fish oils is reduced to behenic acid, which may be isolated 
by the method described in Vol. I. p. 553. 

The chromogenetic substance giving rise to the colour reactions is 
destroyed or, at least, changed ; thus the author found the Halphen re- 
actions of a sample of hardened cotton seed oil which had the iodine valuo 
of 101 to be very faint whilst, when the hydrogenation had been carried 
further, until the iodine value was 98, the oil no longer gave the reaction. 
The Baudouin test gives very erratic results. In the samples examined 
by Bonier 4 and also by Kreis and Roth 5 it was shown that this colour 
test is intensified, although in two samples examined by the author no 

1 Chem. Ze.it., 1914, 798. 

2 Ellis, United States patents 1,0158,738, 1,087,161, 1,095,144 ; French patent 
401,647 ; English patent 18,376, 1913 ; D/veaux, French patent 458,611. 

:! Olvenvertung (4. .m 1>. H., Austrian patent application, A. 7293. 

4 Che,,,.. Heme, 1912, 218 and 247. 

r> Zeits.f, (Inters, d. Nahrgs- u. Oenussm ., 1913, xxv. 81. 
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coloration was obtained. The substances yielding the characteristic 
blue coloration of liver oils with sulphuric acid are destroyed (cp. Vol. J. 
p. 497). In the case of castor oil the acetyl value may be lowered* the 
extent of the decrease depending on the temperature to which it has 
been subjected in the reduction. Thus in two samples examined by 
Normann and Ilugel 1 the acetyl value had fallen from 15(5 to 102 and 
to 131 (cp. Yol. I. p. 214). 

If the hydroxyl group has not been split oil, the hardened castor oil 
is soluble in alcohol, and behaves with petroleum ether in a similar 
manner to unchanged castor oil, while, if the hydroxyl group has been 
removed, the resulting fat is insoluble in alcohol and simulates in its 
behaviour fats rich in stearin. Hardened vegetable and animal fats 
may be differentiated by means of the phvtosterol acetate test. If the 
temperature of reduction has been allowed to rise to too high a degree, 
hydrocarbons may be formed, and also the cholesterol may have become 
resinified, vitiating its separation by means of digitonin. Phytosterol 
is said to be unaffected. 2 The melting points ami crystalline, forms of the 
sterols, and also of their acetates isolated from vegetable and animal 
fats, are stated by Bonier 3 to be unaffected by the hardening process. 
This observer also states that the difference value bv Pole a sir. s method 
(cp. Vol. I. p. 324) of hardened araehis and sesame oils is lower than 
that of lard, whereas in the case of whale oil the difference value 
approximates that of tallow. The following table due to Botnet* 
illustrates this point : — 


1 ('hem. Zed. , 101 SI a. 

- Marcuxson and Meycrlniim, Zeds. /'. tnigan. Chetn.. 1914, 201. 
;! Zeits. f. Unices, d. Nolnys - n. (,'eniissin.. 1012, xxiv. 10S. 

4 Ibid., 10] 2, xxiv. 107. 


[Tahle 
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The following table contains some characteristics of hardened fats. 
Further details will be found under the heading of each individual fat 


in Vol. IT. 
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II.-i-IODISED, BROMINATED, SULPHURISED OILS AND EATS 

The oils belonging to this group have been introduced into pharma- 
ceutical practice. 

The assumption that the therapeutical effect of cod liver oil is due 
to tile small amount of iodine it contains led to the manufacture of 
iodised or brominated oils and fats. They are prepared by allowing 
oils and fats to absorb a certain amount of iodine 1 or bromine. The 
method of preparing these oils and fats was at first carried out on the 
lines suggested by the analytical operations involved in the methods of 
determining the iodine and bromine values (described, Vol. I. Chap. VI.), 
e.g. by treating with iodo-chloride or bromine. 2 Later on gaseous 
hydriodie and hydrobromic acids 3 were substituted lor the halogens 
themselves ; or hydriodie and hydrobromic acids were used in statu 
nascendi in aqueous solution. 4 The production of iodised and bromin- 
ated oils by treating with halogen in the presence of the sulphvdrate of 
a chlorinated aldehyde, e.g. chloral sulphydrate, has been patented. 5 * 

The oils and fats selected for these preparations are sesame oil, 
almond oil, and lard. The commercial preparations “ lodipin ” and 
“ Bromipin ” are respectively the iodine and bromine compounds of 
sesame oil. Similar products have been prepared from cocoa nut oil 
and cacao butter. 8 Bromipin is prepared in two strengths, viz. bromipin 
containing 10 per cent of bromine, and bromipin containing 33*3 per 
cent of bromine, lodipin is also prepared in two strengths, containing 
respectively 10 per cent and 25 per cent of iodine. As sesame oil absorbs 
about 106-110 per cent of iodine, it is evident that the saturation of 
the doubly-linked carbon atoms has only taken place in a portion of the 
oil. For the glycerides of the fatty acids the methyl- and ethyl-esters 
of these acids have also been substituted. 

The taste of these compounds appears to have been found objection- 
able ; hence a patent has been taken out for the conversion of the 
iodised and brominated oils into a powder by mixing them with casein 
and milk sugar. 7 

Chlorinated oils have been claimed (in conjunction with albuminate 
of calcium) for the production of paints. 8 

Latterly, even sulphurised compounds are being manufactured on 
the lines of the sulphur chloride method described in Vol. I. Chap. VII. 
Sulphurised fats are also prepared by saponifying oils or fats in the 

1 Iodised oils, R. R. Seifert and E. Merok, United States patent 913,311. 

2 German patent 93,495 ; E. Mereke, frits, f. anijeio. Chnn., 1898, 398. 

English patent 11,494, 1902; German patent 135,835; French patent 230,998 
(W. Majert). 

4 German patent 159,748 (Merck). 

0 Voswinkel, German patent 233,857. 

8 H. A. Pryor (Chcm. Fab. von Heyden), English patent 3132. 1906. 

7 English patent 3430, 1903 ; cp. also German patent 200,291 (E. Merck). 

8 A. Brunstein, German patent 186,272 ; Boehringcr n. Sdlme, German patents 
248,779, 258,856, 258,156; Belgian patent 249,089 ; Lake, English patents 9023, 9027, 
1911 ; Electrolytic Alkali Co., Connor and Stubbs, English patent 741, 1908, 
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usual manner, liberating the fatty acids, and converting these into their 
ethylic and methylic esters. 1 The latter are then dissolved in carbon 
tetrachloride, and sulphur chloride is added (cp. also u Vulcanised 
Oils,” below). The product is washed with water and sodium carbonate 
solution, then again with water, after which the carbon tetrachloride, is 
distilled off, and the residue washed again thoroughly with dilute caustic 
soda or a solution of sodium sulphide, and finally with water. A product 
thus prepared on a commercial scale contained 0-4 per cent of sulphur. 

By the combined action of halogens and of sulphur compounds on 
sesame oil, a preparation containing both iodised and sulphurised 
compounds is produced. 2 According to the patent specification, 
sesame oil or poppy seed oil is first treated with a solut ion of iodine in 
benzene ; .into this solution sulphuretted hydrogen gas is passed. Thus 
products containing from 10 to 30 per cent of iodine and about 2 per 
cent of sulphur are obtained. 

Similar preparations obtained from fatty acids will b <3 described 
in the next section of this chapter under u Fatty Acid Manufacture." 

Mercurised oils and fats are prepared by dissolving mercuric chloride 
or mercuric iodide in anhydrous acetone or ether, shaking the solution 
with the oil, and subsequently distilling off the solvent 3 or by heating 
the oil with mercuric chloride whereby some of the mercury is retained 
by the oil in a colloidal form. 4 


TIJ .—POLYMERISED OILS 


The author comprises under the term a polymerised oils ” those 
products which are obtained by heating certain oils, with or without 
condensing agents (see below), to a somewhat elevated temperature. 
Tiie chemical changes which occur are not yet fully understood ; in the 
absence of a satisfactory explanation, they may, therefore, be conven- 
iently summarised under, the term “ polymerisation.” Determinations 
of the molecular weight of linseed oil products by the freezing-point 
method 5 have indeed shown that they possess double the molecular 
weight of linseed oil (see Vol. I. (Jhap. XII.). Typical polymerised oils 
are obtained from (1) linseed oil. (2) tang oil, (3) safflower oil, (4) castor 
oil, (5) sterculia oil. The fatty acids obtained from polymerised linseed 
oil (by the usual method) also represent products of polymerisation. 
Polymerised oils, prepared by ozonising vegetable, or animal oils in 
the presence of mineral oils, are used chiefly in the manufaotuic o 
viscous lubricating oils. G 


1 W. Mujert, French patent 328,093 ; English patent 11,104, 1902 ; Eurnmu patent 
140 827. 

“ English patent 24,321, 1901 ; United Status patent. 096,900 ; rp. also Loehell, 
English patent. 27,105, 1904 ; German patent 109,491. 

3 Gloek, German patent 240.507- 

4 Dering, German patent. 239.081 ; English patent 1219, 1912. 

r * Barries, (inidatinn d,'s Uiuiils, Dissert., Leipzig. 1902; .Norman, Uuun. /«/ ., 
1907, 188 ; Held, hunoj. Dim'ri., 1909. 
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The behaviour of these oils at elevated temperatures, as also the 
products obtained from them, vary so considerably that each oil must 
be Considered separately. 


(1) Polymerised Linseed Oil 

Lithographic Varnishes 

French — Vernis d’impmnerie. German — Lithogra-phenjirh is. 

Italian — Olio da litografia. 

The commercial lithographic varnishes are prepared by heating 
linseed oil to 250° or to 300° C. without the addition of any drier. 
According to the length of time of heating the specific gravity “ thick- 
ness ” of the “ varnish ” varies. Hence the commercial lithographic 
varnishes are known under the trade terms “ thin varnish," “ medium 
varnish,” “ strong varnish,” “extra strong varnish,” “thick varnish, ’’etc. 
These oils find application in lithographic printing and in the prepara- 
tion of printers’ inks. Small quantities find an outlet as “ bird lime.” 
They differ from the “ Boiled Oils ” (see below) by not containing any 
metal. By this heating process traces of moisture are driven off, the 
“ mucilage ” is coagulated, and readily separates on standing. Hence 
the German name for these oils is “ Standdle.” Schmidt heats the oil 
out of contact with air by placing a perforated plate above the surface 
of the oil in the heating vessel which is covered by an absorbent material 
such as felt, whereby the volatile products are retained. 1 In order to 
avoid exposure to the air and loss by volatilisation Genthe 2 covers the 
oil with a floating perforated cover which allows volatile gases to escape. 
Genthe recommends vessels of aluminium, as this metal is but little- 
attacked and even then forms colourless salts. 

Winkler 3 polymerises drying oils and castor oils by heating the oil 
with amorphous phosphorus and phenol. 

“ Burnt varnish ” is a fairly quick-drying oil, which will form a 
strong skin in twenty-four to forty-eight hours at the ordinary tempera- 
ture. It is obtained by heating raw linseed oil up to its flash point, 
and allowing it then to burn quietly, with constant stirring, until the 
required consistence is reached. 

The commercial lithographic varnishes are perfectly clear, trans- 
parent, viscid liquids. The thickest varnishes no longer leave a grease- 
spot on paper. The thin and medium varnishes are but slightly darker 
than raw linseed oil. Oils prepared by boiling over fire frequently 
exhibit a more or less strongly marked green fluorescence. 

The following table contains the results of an examination by Leeds 4 
of several lithographic varnishes, to which, for the sake of comparison, 
the corresponding numbers for a raw linseed oil are added : — 

2 German patents ‘215,1148, 2 22,680. 
Joum. Soc. Chan, hut, 1894, 203. 


1 German patent 215,349. 
:! German patent 252,139. 
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Lithographic Famishes prepared by Boiling over Fire. (Leeds) 


'rrnvH* v Saponifica- Iodine Oxidised 

Won Value. Value. Acids. “l 


Raw linseed oil . 0*9321 

“ Tint ” varnish . . 0*9584 

“ Thin ” varnish . • 0*9661 

“ Middle ” varnish . 0*9721 

“ Strong ”*varnish . 0*9741 

“Extra strong” varnish 0*9780 
“ Burnt ” thin varnish . 0*9675 



0*02 
0*85 
0*79 
0*91 
1*85 j 


The mixed tatty acids, derived from the raw linseed oil and from 
the “varnishes,” freed from the unsaponiliahle matter, gave the 
following results : - 


Mixed Fully Acids from Lithographic tarnishes (Leeds) 


Specific Solidify- Melting . J 

Gravity ing Point. Point. | 

at 15*5“ C. *C. O. | K 0 U. Wtl * J,u 


Ravv linseed oil . • 0*923 

“ Tint ” varnish • 0*941 

“ Tli in ” varnish . • 0*949 

“ Middle ” varnish . 0*950 

“ Strong ” varnish . 0*958 

“ Extra strong ” varnish 0*955 

“ Burnt ” thin varnish . 


The chemical ■» 

itself man increase of specific n ,dV1 > ‘ noti i cea ble in the amount of 
absorption. A slight decrease is a s ‘ t ^ notably a con- 

free fatty acids due probably to their hexabromides 
siderable decrease occuis in the y folio win" table, in which 

(LeMsch *). This is illustrated by ^ 

a typical linseed oil is contrasted with a 1 mseed 1 M 
and with a number of commercial lithogiaphic 


> (1, miner, Onrmick, awl Ileckel, 'hVj «»</ V' 

2 Analyst. 1904, ... 


■/i/.s-, 1913, No. 7. 



Polymerised Linseed Oils — Lithographic Varnishes ( Lewkowitsch ) 


124 TECHNOLOGY OF MANUFACTURED OILS, FATS, AND WAXES oh 



There was no colophony present. 2 Determined by the lead-salt-etlier method. 
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The following table due to de Wade 1 illustrates the course of poly- 
merisation in an oil kept out of contact with ail*. The oil (a Bailie oil) 
was heated in an atmosphere of carbon dioxide at 250° (\ : 


1 

1 Raw Oil. 12 Moms. 

.W. Hours. 

77 lhmr> 
(snlitl). 

Specific gravity at 15-5° ('. 

•9251 -9122 

•91)01 


Refractive index at 25° (\ 

1-4808 1-4K25 

1 -4920 

1 -4700 
I7-;Y ('. 

i Iodine value 

. 19(H) 175-2 

( l o. ) 
119-8 

! Oxidised acids, per cent . 

0-78 0-29 

0-5 

22 1 

i Saponification value . 

1 Solid acids 8 ... 

5-25 7-02 

190-7 

180-0 

IS-S 

| Iodine valve of solid acids 

17-5 


SO *4 

There was a notable 

increase in the proportion of so 

lid acids 


WlUCj J1V/YVWVI, HU.nnj«ni.ui' tell( e. B\ 

boiling the products obtained after 77 hours with amyl alcohol, de Wade 
obtained an extremely tough, insoluble residue which had an iodine 
value of 94. This residue was very resistant to the action ot alkalis. 
This observer believes it to be a close chain compound, and proposes lor 
it the name of “ cyclolin.” 

The numbers recorded in the foregoing tables show in a general way 
(considering that we have to deal with commercial products) that the 
glyceridio part of the oil has not undergone destruction, and that the 
higher the temperature to which the heating is carried, the greater is 
the specific gravity. Apparently the amount of oxidised acids increases 

proportion to the specific gravity. The irregularities in theii per- 
centage numbers prove, however, that the proportion of oxidised acids 
depends on the access of air dining the. boiling, and the conclusion must 
therefore be drawn that, if access of air were excluded entirely, pi actic all) 
no oxidised acids would be formed. The numbers given in the. column 
“ yield of ether-insoluble bromides” show that during tire piouss o 
heating, the linolcnio acids are polymerised first. The considerable 
iodine' values which the lithographic varnishes still exhibit; may be 
explained by the assumption that the glycerides of hnolie acid have 
remained intact to a large extent. Thus the bromide test (in au i ion 
to the specific gravity test) is of great importance m the differentiation 
of lithographic varnishes from linseed oil. 3 

The drying power of linseed oil diminishes with the nse^ ot tire 
temperature in the boiling process, thus, whereas tun 1,10 
graphic varnishes dry approximately as well as raw linseed oil doc. , 
the “ extra strong ” varnish and burnt varnish dry more slowly at the 
ordinary temperature than does raw oil. 

The examination of the polymerised oils should include the quanti- 
tative determination of the unsaponifiablo matter, since ar 

Kachini aiul Dorta's acetone method. 


Private communication, 


a ’ Lewkowitach, Analyst, 1904, 2. 
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petroleum oils are largely used as adulterants. A specially prepared 
tar oil is sold for this purpose, under the trade name “ sharp oil.” 
Cheap printing-inks— for newspapers — contain rosin and rosin oil ; 
printing-inks for books should consist of linseed oil only. 

Polymerised linseed oils are largely used in the preparation of 
plastic masses, 1 artificial wood, 2 and similar substances ; the function 
of the polymerised oils being to act as a cement or binding agent, either 
alone or in conjunction with rosin and other cementitious substances, 
for fibrous or inert material. A preparation consisting of polymerised 
oil, paraffin wax, and rosin has been patented 3 as a substitute for 
brewer’s pitch. For polymerised oil used in the manufacture of lin- 
oleum (“ corticine ”) see “ Oxidised Oils ” (below). , 


(2) Polymerise l> Tung Oil 

It has been shown above (Vol. 11. Chap. XIV. “ Tung Oil ”) that 
on heating tung oil to 180° C. for two hours, or to 250° C. for a shorter 
time, a jelly-like mass is produced. As this product is obtained whilst 
air is excluded, its formation must be ascribed to polymerisation, 
pending a better explanation. On standing, this mass becomes solid, 
so that it can be disintegrated to a coarse powder. The. examination 
of a powdered mass prepared in the author’s laboratory led to the 
following result; the corresponding numbers of the original oil are 
added : — 


Polymerised Tung Oil (Lewkowitsch) 



Saponification 

Value. 

lodino Value. 

Unsapoui lia bln 
Mattel. 

Original tung oil . 

193 

163 

... 

Polymerised tung oil 

205-2 

107-7 

2-20 


Nash 4 found the saponification value of a sample of polymerised 
tung oil lower than that of the original oil. The explanation must be 
found in the differences of temperature, kept up during the polymerising 
process, causing formation of lower fatty acids. 

\V. Norman 5 observed in some experiments that the saponification 
value of the polymerised oil was lower than that of the original, whereas 
in other experiments, when the temperature reached 300°-320° C., the 
saponification value of the solidified oil was higher than that of the 
original oil. In the latter case the iodine value of the fatty acids had 

1 Cp. *'.<!■ German patent 201,9(56 ; Cliem. Kali. Liegnitz, Meuse!, and Co. ; Mihalik, 
German patent 236,780 ; German patent 21(5,605. 

* German patent 203,367. 

4 Private communication. 


:: German patent 203,795. 
f * Chen,. Ze.it., 1907, 188. 
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fallen to 68. From a tung oil prepared in an atmosphere of carbon 
dioxide, de Wade 1 isolated a body insoluble in amyl alcohol which he 
termed “ cyclostoarm ” (cp. p. 125). This body had the iodine value 
27-4. 

Meisier 2 examined polymerised tung oil after exposure in a thin 
layer on a glass plate. The results are given in the following table :~ 


' j Original Oil. After - ifours. , After 4 Hours. 

; I. : If. ' f. IT. 1. II. 

j Iodine value ..... 148-8 j 144 !) J 148-1 138-9 ■ 

Increase in* weight per cent . ... j ... 0-1) . (Hi 4-2 5-0 


No absorption of oxygen takes place! during the process of poly- 
merisation, and hence no increase in weight is observed. A com- 
parative determination bv the boiling-point method (in benzene) 
showed that the mean molecular weights of the fattv acids of the 
polymerised tung oils had risen to the mean values nn-l-SOO, the mean 
molecular weight of the fatty acids of the original oil being -Will. 

The following table shows the influence of heating on the spec. i tie. 
"ravity. For the purposes of the test the oils were heated rapidly in 
wide-mouthed flasks to the temperatures stated (cp. Vol. I I. ]>. 84) 


n c. 

Japanese. 

Chinese. 


Original oil 

0-03380 

0-0412 

0-0410 

213 

0-0340 

0-0428 

0-9432 

232 

0-9355 

0-9445 

0-9441 

250 

0-9477 

0-9448 

0-9504 

300 

00502 

Solidified 

310 

0-9553 

0-0638 


320 

0-9650 

0-0700 


330 

0-9694 

Solidified to 


340 

0-9760 

a jelly 



A satisfactory technical application of polymerised tung oil has 
not yet been found, although its semi-elastic properties, and its apparent 
resistance to air, moisture, etc., suggest its employment as a substitute 
for solidified linseed oil (see below). A number of patents have been 
taken out for processes purporting to produce varnishes (mix rues 
polymerised tung oil with gum-resins) from polymerised uug id alone, 
or from mixtures of polymerised tung oil with tamed oil. The manu- 

1 Private coinnnmiciitioii, 

“ Chenu AW, 1910, L50, ami 19f)(j . ym moi ; 1287, 1901 ; 2079, 

1901. C ^Geriu^ '^ht ) U \ 80 S 62 1* 1 * 20 4 C 398 * 1 0 ^^^' ^ 

Kronstciu appealed to the Reichsgerwht), 180 021 , ^4 ^^ , 

257,601 ; Client. Tech. Lab. Meffert, German patent 211,405. 
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facture of linoleum from polymerised tung oil and solidified linseed oil 
has also been patented. 1 The use of polymerised tung oil has also been 
proposed for the production of plastic masses. 2 

The polymerisation of tung oil can also be effected by treatment 
with sulphuric acid of specific gravity 1*597-1*759/ the most suitable 
acid being one of the specific gravity 1*688. For the preparation of the 
polymerised oil one part of tung oil is gradually mixed in the cold with 
026 parts of sulphuric acid of specific gravity 1*688. The mass is 
stirred frequently and allowed to solidify by standing. It is then 
thrown into water and allowed to remain therein, until the mass has 
become powdery and almost white ; next it is ground and washed with 
water until all the sulphuric acid has been removed. The powder is 
finally freed from water by pressing, and dried by exposure to the air. 
The mass so obtained is stated to be serviceable 3 as an india-rubber 
substitute, insulating mass, etc. It, should be added that the resulting 
product is free from sulphur. Winkler 4 heats a mixture of Chinese 
tung oil, phenol, and castor oil under pressure to 300° C. The product 
is stated to be highly resistant to acids, alkalis, and organic solvents, 
and also to possess a good insulating capacity. By saponifying tin* 
polymerised oil and treating the resulting soap with an acid an oily 
mass is obtained which is said to be useful as a substitute for poly- 
merised linseed oil (owing to its sqlubilitv in alcohol), and as a substitute 
in the manufacture of lacquers, etc. 


(3) Polymerised Safflower Oil 

The pronounced drying properties of safflower oil suggested the 
likelihood that this oil also would become polymerised under the same 
conditions as does linseed oil. Experiments carried out in the author’s 
laboratory have proved this to be the case. The numbers obtained are 
given in the following table, in which the original safflower oil is con- 
trasted with its polymerisation products, and with the native product 
“ roghan ” (Afridi wax), the manufacture of which has been described 
in Vol. II. Chap. XIV. p. 108 : 



Speoilic Gravity, 

Iodine Value. 

Safflower oil 

0*9274 

147*3 

,, ,, heated to 300° C. for 2 hours . 

0*92938 

143*4 

„ „ „ „ 4 „ 

0*93077 

112*7 

„ „ „ „ 6 „ 

0*93949 

121*7 

,, ,, burnt 6 minutes . 

0*95481 

99*3 

,, ,, Indian “distilled” oil 

0*9638 

121*8 

(“roghan,” Afridi wax) 

. 

! 



1 English patentj>789,;1903, Dewar anil Linoleum Manufacturing Co. 

- Lilienfeld, French patent 417,392 ; German patents 246,443, 259,840. 
a German patent, 4 200, 746 (F. Steinitzer). 

4 German patent 247,373. 
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(4) Polymerised Castor Oil 

The changes which castor oil undergoes .on. being subjected ' to 
destructive distillation have been described (Vol. II. p. 103). It has 
fmther been shown that if the distillation of castor oil be stopped just 
before the mass is converted into- an india-rubber-like substance, the 
oily residue still contains glycerides. 

With a view to following tile changes more eloselv whieli castor oil 
undergoes, the author heated the oil rapidly to 200", 250°, 300°, and 
350 0. in an open dish and determined the iodine values of t he products 
obtained. 

Polymerisation of Castor Oil on heating (Lewkmritsch) 

Iodine Value. 


Original castor oil ...... S30 

„ " after heating rapidly to 200' J ('. . . S703 

M M „ „ * 250° O. . . S9-2K 

» „ „ 300° G. . . 90-19 

„ „ „ „ :tr>o° (-. . . 93-72 


Femtler 1 examined a product 

manufactured on a 

commercial 

scale 2 by heating castor oil to 500° 

(h, until about 5 per 

' cent of its 

weight has distilled over in one hour 
characteristics : — 

. The product had the following 

Specific gravity at 15° (’. . 

0-9505 


Saponification v.di«. . 

. inis 


Iodine value . 

. KUO 


Acetyl value . 

. . 07-4 



From the iodine number it follows that the polymerisation has not 
affected the unsaturated carbon atoms. The increase in the iodine, 
value, and the considerable decrease of the acetyl value, as contrasted 
with the corresponding numbers* of original castor oil, prove that the 
polymerisation has taken place in the first, instance in the direction of 
the formation of glycerides of di-, tri-, tetra-, and penta-ricinoleic acids, 
which in their turn bei ame converted into the glyceride of triundecylenic 
acid (op. “ Turkey-red Oil,” below). 

The polymerised oil differs from the original castor oil in that it is 
almost, insoluble in absolute alcohol, a.; also in 90 per cent alcohol and 
in acetic acid, whereas it is miscible with mineral oils in every proportion, 
and forms an emulsion with water ; this emulsion separates, however, 
after a short time into two layers. The product is most likely a mixture 
of glycerides of undecylenic acid (see Vol. II. p. 403) and glycerides of 
polymerised ricinoleic acids. 

The Stern-Sonneborn Company 3 avoid the loss of material occurring 

1 Berichted. I). Pharm. GesdhehaJ’t , 1904, 135. 

? (Herman patent 104,499, Cbetnisehe Fabrik Fliirsheim, l)r. H. Nilrdlinger ; the 
product, is sold under the fancy name “Floricin.” 

:i French patent 350,511 ; English patent 21,935, 1905 ; 24,936, 1905. 

VOL. Ill 


K 
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in the process described above by heating castor oil under pressure in an 
autoclave. The best conditions for carrying out the process are obtained 
bydieating castor oil under a pressure of 4-6 atmospheres for 10 hours at 
a temperature of 260-300° C. The product is then miscible with mineral 
oil in all proportions. A modification of this process 1 consists in 
heating the castor oil under ordinary pressure under a reflux condenser. 

Another method of converting castor oil into a polymerised product 
consists in treating the oil with a concentrated solution of zinc chloride, 2 
or with the fused hydrated crystallised salt. The product obtained is 
a horny mass, which may be freed from zinc chloride by washing with 
water. The degree of solidification (polymerisation) depends on the 
proportion of zinc chloride used, its concentration, and the temperature 
employed. This product was proposed to be used as a covering and 
insulating mass. Very likely it is identical with the elastic, horny mass 
left in the retort on heating castor oil until the residue is suddenly 
converted into the solid mass described Vol. 11. p. 404. 

Hitherto this product does not appear to have been employed in 
the arts. 

In addition to zinc chloride also aluminium chloride has been pro- 
posed and patented as a polymerising 3 (condensing) agent. 


(5) Polymerised Steroulia Oil 

It has been shown above (Yol. II. p. 378) that sterculia oil on heating 
becomes polymerised to a jelly-like mass. A specimen of this poly- 
merised mass, prepared in the author’s 4 laboratory, was found to be 
insoluble in alcohol, ether, carbon tetrachloride, chloroform, and glacial 
acetic acid. The following numbers were determined : — 

Characteristics of Polymerised Sterculia Oil (Lewkoml&ch) 

Saponification value . . . 184*9-184-5 

Iodine value .... 70-0*7011 

Unsaponifiable matter . . . 1'16 per cent 

Wedemeyer 6 heats the oil rapidly to about 200° 0. and then slowly 
to about 250. In order to prevent the oil catching fire owing to the 
spontaneous evolution of heat (cp. Yol. II. p. 378) cold water is sent 
through a worm immersed in the oil, and also, if necessary, sprayed on 
the surface of the oil. Wedemeyer proposes the use of polymerised 
sterculia oil as a substitute for india-rubber. 7 

1 Addition to French patent 350,1)11, No. 4313. 

2 c. E. Alder Wright, Jmirn. Sue. Cbm. hid., 1887, 320. This method has been 
patented remitly by C. Dreymann, French patent 377,262, 1007. 

a Akselrod, German patent 150,882, 1904, patented again by 0. Dreymann, French 
patent 377,202, 1907. 

4 Unpublished observations. 

8 'pi ie iodine value was determined by warming the substance for a few minutes with 
the Wijs iodine solution, and allowing the mixture to stand for one hour. 

H German patent 21 i, 043. 

7 German patent 211,030. 



XV 


BOILED OILS 


131 


IV. — BOILED OILS 

French- — Huile mite. German — Gekochles Leinol, Leinolfimis. 
Italian — Olio cotfo. 

The oils described under this head take their name from the almost 
obsolete process of heating linseed oil, mixed with a small quantity of 
suitable metallic oxides or metallic salts— driers, siccatives — over free 
fire to temperatures varying from 210° to 200° 0. 

This process was termed “ oil boiling.” Up till recently this industry 
had remained a truly empirical one, and was carried on much in the 
same fashion as it was practised by its inventor, the Dutch painter, 
Jan v. Eyck. 1 It was found that linseed oil, after heating with lead 
oxide, absorbed oxygen more rapidly than did linseed oil not so pre- 
pared, and whereas raw linseed oil requires about three days for drying 
to an elastic skin, the drying process is so much accelerated by the 
treatment with lead oxide over free, fire that linseed oil so treated will 
dry even within six to eight hours to an elastic skin. 

What action takes place during the process of boiling is not yet 
fully known. A slight decomposition of the glycerides undoubtedly 
occurs, as is proved by the*, evolution of acrolein vapours during the 
boiling ; but such decomposition of the linseed oil is very limited, as 
the “ boiled oil,” like the polymerised linseed oils (lithographic, varnish), 
still yields almost its full amount of glycerol. Moreover, practical 
experience has proved that boiled oils must be made from glycerides, 
since “ boiled oils ” cannot be obtained from linseed oil fatty acids, or 
tioin ethylic esters of the mixed linseed oil fatty acids. 2 

Whilst the oil is under the influence of the high temperature, poly- 
merisation will occur to some extent (seep. 121). No hydrocarbons 
(due to destructive distillation) are formed, or, at any rate, not to an 
appreciable extent, as is proved by the small amounts of unsaponi liable 
matter found in commercial boiled oils (cp. table, p. 1 12). 

For a long time the view was held that the oil became oxidised, 
although even in the antiquated process of boiling over free, fire it was 
kept covered and almost wholly protected from contact with air. The 
explanation that the metallic oxides act as oxygen carriers during the 
process of boiling (an assumption which seemed to find support in the 
fact that a number of boiled oils had low iodine values) is equally 
unfounded. For it will be seen from the numbers given below that 
“ boiled oils ” can be prepared having iodine values lying very little 
below that yielded by a normal raw linseed oil. 

The older processes of boiling with “driers” 3 appears to be an 
empirical way of producing metal salts (lead salts or manganese salts) 

1 According to some writers the monk Theophihts is credited with having discovered 
the fact that by boiling linseed oil with lead oxide a more rapidly drying oil than linseed 
oil is obtained. Some writers state that Dioscorides was acquainted with the oil-boiling 
process. 

2 C\\ Liebigs Annul., 1810, 33, 114 ; Henriques, Xe.iLs. /. augetv. Che.in., 1898, 343. 

a With regard to “Driers,” cp. p. 135. 
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of the fatty acids of the boiled oils, partial saponification of the glycerides 
taking place at the high temperature to which the oils were subjected 
whilst being boiled. These lead salts (or manganese salts) of the fatty 
acids are able to act as oxygen carriers in the process of “ drying,” 
when the boiled oils are exposed to the atmosphere, either in their 
original state or in admixture with pigments, gum-resins, etc. This 
would lead to the explanation that the driers act as catalysts, a small 
quantity only being required to accelerate the oxidation (Lewkowitsch 4 ) 
when the oils dry to a skin (see below). 

According to Kiihl 2 the drying is due to a process of autoxidation 
and is accelerated in the presence of peroxides. 

These views find support in the modern methods of preparing 
“ boiled oils.” 

Thus at present the bulk of the “ boiled oils ” is obtained by heating 
linseed oil with driers to a temperature of about 150° 0. only. The 
process is carried out by introducing the oil into a cylindrical vessel 
provided with a heating cod and agitating gear, so as to produce an 
intimate intermixture between oil and drier, whilst they are heated to 
the desired temperature. In order to increase the contact surface 
between oil and air and the time during which the oil is in contact with 
the air, J. C. L. ran der Lamle 3 places in the vessel a large number of 
baffles forcing thereby the air to pass through thin films of oil. The 
internal arrangement of a modern oil-boiling vessel 4 is illustrated by 
Fig. 8, the cylindrical part of the vessel having been removed to show 
the heating coils and the stirring apparatus. According to Gentle 5 
the thickening of boiled oil is materially assisted if the volatile products 
are removed. In order to facilitate their removal, the operation is 
conducted in a closed vessel, the air, or indifferent gas, lying above 
the surface of the liquid being continuously driven through the oil by 
means of a suitable drum and stirring arrangement. The volatile 
products arc condensed in the upper part of the vessel in such a manner 
that they cannot return to the oil. 

W ilbuscliewitsch 6 atomises the oil by spraying it into an autoclave, 
where it meets a stream of air or ozonised air. The oil may be admixed 
with a catalyst capable of occluding oxygen. Some manufacturers 
assist the “boiling” by blowing with air. The oils so obtained are 
known on the Continent as “ blown boiled oils” (Geblasene Firnisse 7 ). 
These oils are unsuitable for the preparation of best varnishes. 

The preparation of boiled oils under the influence of ultra-violet 

1 “ Problems in the Fat Industry,” Joum. Hoc. Chan. lad., 19015, 092 ; up. also 
Fahriop, Zcifs. /’. anr/ew. (Jhem., 1909, 722. 

2 Pharm. Zmtrdlh,, 1910, No. 10. 

3 German patent 209,851. 

4 1 am indebted to Messrs. Manlove, Alliott, and Co., Nottingham, for this illus- 
tration. 

5 English patent 16,(565, 1909. 

6 English patent 15,440, 1911. Cp. also llamage, English patent 7842, 1901. 

7 Cp. S. Lewiak, German patent 154,091 ; Buchanan, English patent 7646, 1905 ; 
Leppcrt and Ragoon, English patent 17,035, 1903 ; French patent 334,233 ; German 
patent 181,193 (Leppert, Rogovin, and Rndling) (boiling in vacuo or in a current ot 
superheated steam) ; Noury and van der Lande, Austrian patent 46,563 ; French patent 
392,793. 
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light (cp. “Linseed Oil” VoL IT. p. 59) (emitted from an uviol” 
lamp) has been patented by Genthe. 1 About twenty “ uviol lamps - 
are immersed in a tank containing 1 ton of crude oil. The raw liiueed 
oil is warmed to about 80° 0., when the lamps are then started and 
finely divided air is pumped into the oil under a pressure equal to a 
water column of about 3 metres’ height. The lamps are cooled by a 
current of air. The reaction generates sufficient heat (cp. manufacture 
of “ Blown Oils” below) so that the source of artificial heat may then 



l r in. s. 


bo stopped. The oil is stated to take up l,y tins treatment about 5 pet 
cent of oxygon. For the treating of a ton of raw oil about s.x y k low. tt- 
hours are required. It is claimed that oils so prepared dry better lira.. 

the ordinary boiled oils 3 (cp. p. 131). , . n , i 

According to the quality and the amount of drier added , and the 
length of time during which the oil is heated ( boiled ), pale or lark 

; , Tr pare, urn 

rays “ roitw " y 

boiled oils, cp. W. Schmidt, Zeits. /. physik. Ocw., 1908, (<>4) 24B. 

2 Cp. K. Hahn, Zeita.f. augew . Cite «/., 1908, H4... 

:1 Cp. Ghent. Zeit. 1908, 325. 
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oils are produced. The former arc known in commerce as “ pale boiled 
oils/ 5 the latter as “ double boiled oils.’ 5 The temperature can be 
reduced even to 120° C. by merely dissolving “ liquid driers ” (solutions 
of lead linoleate, etc., in linseed oil ; see below), and assisting the 
operation, if required, by a current of air. 1 

This last process yields somewhat inferior drying oils to those 
obtained by boiling at 150° C. with lead oxide, etc. It has, however, 
been inferred therefrom that in order to obtain a quickly drying oil it 
suffices to prepare a solution of metal salts in oil. This view has even 
led to the preparation of “ boiled oils ” in the cold, by merely adding 
to linseed oil a solution of lead linoleate or manganese linoleate, and 
carefully intermixing it with the oil. (An oil having the properties 
of a “ boiled ” oil can also be prepared by carefully grinding, linseed oil 
with manganese borate in the cold.) These “ boiled oils ” are therefore 
identical with the product painters used to prepare themselves from 
raw linseed oil by grinding it with a drier. Such oils naturally do not 
dry so rapidly as do the oils prepared at a higher temperature ; they 
behave more nearly like raw linseed oil as regards the time required to 
“ dry ” From this it would follow that a certain amount of poly- 
merisation must take place, in order to accelerate the subsequent 
oxidation, when the oil is allowed to “ dry ” (cp. below.) 


Raw Materials used in the Manufacture of Boiled Oils 

1. Oils. — Linseed oil is practically the only oil that is used in the 
manufacture of boiled oils on a large scale. Other vegetable drying oils 
— like candle nut oil, safflower oil (cp. table, p. Ml) — also furnish 
boiled oils, but their drying properties are. not so good as those of boiled 
linseed oil, a fact which is most readily explained by stating that they 
contain much less linoleuic acid than linseed oil does. Hence these 
vegetable oils, as also poppy seed oil, hemp seed oil, niger seed, and soya 
bean oils, must be considered as being unsuitable for the manufacture of 
boiled oils, and the same may he said of tung oil. Perilla oil, however, 
although it cannot be used in its raw state owing to its peculiar property 
of forming drops on a painted surface, may . in conjunction with a suitable 
drier, form a satisfactory substitute for boiled linseed oil. Lead and 
manganese driers are unsuitable for this oil ; cobalt driers, however, 
cause the oil to dry with a good gloss and also inhibit the formation of 
oily drops 2 (cp. Vol. II. p. 43). Fish and blubber oils are less suitable 
for the preparation of boiled oils, owing to the fact that the glycerides of 
linolenie acid seem to be entirely absent, the high iodine absorptions 
of these oils being due to the presence of clupanodonic acid. The 
statements made in patent specifications as to the usefulness of these 
oils, either as such or in admixture with linseed oil, must therefore 
be accepted with reserve. Waentig? for example, claims, by heating 
fish oil to 240° (J. and passing through the oil steam superheated to 

1 Cp. Hartley and Rlcnkinsop, Knglish patent 11,(129, 1890. 

,J Rosenthal, Forbenwit. 17, 739. 

3 German patent, 272, 4(55. 
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400° C. for twenty-five hours, to produce an oil containing only the 
polymerised glycerides of the unsat-urated fatty acids and superior in its 
drying properties to linseed oil. Menhaden oil is, however, better than 
whale or liver oils, and an oil prepared from 70 per cent of menhaden oil 
and 30 per cent of linseed oil gave, according to Toch} an extremely 
durable coat. The use of distillation products of tar oil (leinin) 2 and 
petroleum products require further investigation. 

The suitability of a raw linseed oil for making “ boiled oil ” was 
hitherto determined in practice by its age. It is well known that 
fresh oils (“ green” oils), owing to traces of dissolved water, etc., give 
a scum on boiling, and effervesce strongly, whereas old “ tanked ” 
oils, from .which water and “mucilage” have settled out on storing- 
“ tanking ”- -yield the best boiled oil. A practical test for judging its 
suitability is to heat the oil rapidly in a test-tube to about 300° (•. A 
suitable oil remains clear, whereas from a “green ” oil, or an insuffici- 
ently refilled oil, “mucilage” separates out (op. Ohap. XIV. p. 58). 
The observations made by Thompson (Vol. II. p. 58) prove that flic 
“mucilage” is due to the presence of inorganic salts, which settle out. 
from a “tanked” oil in course of time, carrying down with them 

organic impurities left in the oil. Further proof for the correctness of 

this view is given by the fact that these impurities are removed bv 
refining raw linseed oil with sulphuric acid, or by cooling, or by rapid 
heating followed by rapid cooling. Other tests for purity have been 

given already under the, heading “Linseed Oil” (Vol. 11. p. 01). 

Practical experience has shown that Baltic oil is better for the manu- 
facture of boiled oil than is Indian oil ; this is readily explained by the 
greater purity of the Baltic seed. But Indian oil and even La Plata oil, 
if carefully prepared from cleaned seeds yield oils equally as good as 
Baltic oil. Fold pressed linseed oil is better than hot. pressed; this 
finds its explanation in the fact that the cold pressed oils contain smaller 
amounts of solid glycerides than do the hot pressed. 

With a view to removing the hulk of the solid glycerides from 
linseed oil, as they obviously diminish the drying property of the oil, 
the author tried on a large scale to separate the solid glycerides by 
the process of “ demargarination,” viz. by cooling the linseed oil to 
- 25° 0. This process (for which a provisional patent only was taken) 
lias been abandoned as unremunerative,. 3 

2. Driers (in the United States also termed “ Japans ”). 4 — In the 
older processes of oil boiling only the oxides of lead and manganese, 5 
such as litharge, red lead, manganese dioxide, or their inorganic salts, 
were used as driers ; zinc, 6 copper, and non salts were found incapable 

1 Oil and Colour Trades Journ., 1913, 44. - Furhcnvit., 1910, 2120. 

3 Cp. Lewkowitsch, Jahvhuch der C hemic, 1902, (xii.) 370. The same process lias been 
patented by Hertkorn, German patents 129,809, 137,300 ; cp. A. Kronstein, German 
patent 201,398. 

4 Cp. Weger, /cits. /. atif/cw. ('Item., 189G, 531 ; 1897, 401, 512, 500. 

6 It. appears that manganese was lirst suggested by Michael Faraday. 

8 Cp. Thorp. Tecluiolof/j / Quart. 3, 9 ; cp., however, French patent 332,788 {Sot:. 
Bonneville el Vie). Regarding other metals, cp. Meister, Farbcnzcit., 1908, 153. 
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of imparting to .the oils the desired properties. The rosinates of 
chromium and nickel were also found to be unsuitable. More recently 
acetate, oxalate, and borate of manganese have been employed. Salts 
of cobalt with fatty and rosin acids have also been used with success, 
and are stated to be the most suitable driers for use with fish and blubber 
oils and perilla oil. 1 (Cp. Yol. II. p. 415.) Oils prepared with lead 
as drier are stated to give, on standing, more of a precipitate than 
manganese oils. According to Davidson , 2 this precipitate consists of 
the lead salts of the saturated fatty acids, as this observer found, for 
the fatty acids prepared from a precipitate containing 3(M per cent 
lead oxide, the iodine value 4*6. As rosin is capable of absorbing 
oxygen from the air, the metallic salts of the rosin acids 3 have also come 
into vogue as driers. Lead rosinate is, however, falling into disfavour 
on account of its property of sometimes causing cloudiness in the. varnish 
(de Waele). Rosinates are prepared either by precipitating a (soda) 
soap solution with solutions of metallic salts (e.g. sodium rosinate with 
manganese sulphate), or are simply synthesised by fusing together a 
metallic oxide with colophony ; hence there are discerned in commerce 
“ precipitated ” driers and “ fused ” driers. 

By precipitating rosin soap solutions, or bv fusing colophony, as 
the case may be, with mixed manganese and lead salts, “ precipitated ” 
or “ fused ” manga no-lead driers are obtained. 

A ready method of distinguishing “ precipitated ” driers from 
“ fused ” driers is afforded by the determination of water. Only the 
“precipitated” driers contain notable quantities of moisture (up to 
6 per cent). 

A further development in the industry of driers was reached by the 
employment of the metallic salts of linseed oil fatty acids. These salts 
are prepared either by precipitating soap solutions obtained by saponify- 
ing linseed oil with solutions of metallic salts, or by heating the fatty 
acids together with oxides. Thus “ precipitated ” manganese linoleate, 
lead linoleate, etc., or “ fused ” manganese linoleate, etc., are obtained. 

By means of these methods the author prepared driers from tung 
oil Thus a lead tungate, manganese tungate, and a mixture of the 
two — lead-mangano-tungate — were manufactured on a large scale. 

The driers prepared from linseed oil fatty acids, tung oil fatty acids, 
and rosin (colophony) are soluble in “ oil of turps ” (turpentine oil), 
ether, chloroform, and linseed oil, 4 and are therefore termed “ soluble 
driers.” Solutions of these driers in linseed oil or in turpentine oil or 
in a mixture of both are obtainable in commerce under the names 
“ liquid driers,” “ terebene,” 5 and other fancy names. 

1 Krauss, V1J1. lnt. Cuikj. Appl. Chnn ., 1912, Sect. V°. p. 127 ; Fokin, Zdts. f. 
aiujew. Chew ., 1909, 1451, 1492. 

2 Oil and Colour Trades Jourv., 1908, 1588. 

3 With regard to driers from copals — “copal resinntes ” — cp. Bottler, hhujl. Polyt. 
Jovm ., 1898, 70. 

4 It should be noted that the solubility of “linoleates” and rosinates in ether or 
chloroform in the cold exactly coincides with their solubility in linseed oil at somewhat 
elevated temperatures— up to 120” C. Cp. Lippert, Zeits.f. anyew. Chon., 1908, 806. 

15 Cp. Fawsitt, .foiirn. Sue. Client, hid., 1903, 538 ; Coste and Andrews, Analyst, 
1910, 154. 
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The examination of driers consisting of metallic oxides or of metallic 
salts of inorganic acids is carried out by the well-known methods of 
mineral analysis . 1 The valuation of the “soluble driers” cannot* be 
based on the proportion of the metal, as determined by incineration, 
inasmuch as the oxides held in suspension, and therefore not chemically* 
combined with fatty acids or rosin acids, are not only useless to the 
manufacturer of boiled oil, but are even injurious, as they render the 
oil turbid. A preliminary test consists in treating the drier with organic 
solvents. A good drier should dissolve completely in ether, or, in the 
case of lead rosinate, in chloroform and in turpentine oil. 

In the analytical examination of a soluble drier the organic matter 
is first burnt off in a porcelain crucible, and the amount of total lead, 
manganese, etc., is determined in the ash. The weight of the ash does 
not always give useful indications, as the fused driers often contain 
sand, etc. In addition to lead and manganese, the calcium in the ash 
may be determined. (Calcium rosinate is a legitimate constituent of 
driers.) A fresh portion of the sample is then extracted with ether or 
chloroform or turpentine oil. From the filtered solution the solvent 
is evaporated off and the residue incinerated. In the ash, the lead or 
manganese, or both (as the cast; may be), are determined quantitatively, 
and the difference between the lead or manganese found in this experi- 
ment and that found in the first experiment corresponds to the amount 
of lead or manganese present as insoluble excess. The result may he 
checked by determining the dissolved lead or manganese in an aliquot 
portion of the solution. In the case of a rosinate the dissolved lead 
must be determined by difference, as the chloroform is stated to be only 
driven oft’ completely from the rosinate at a red heat, when a portion of 
the lead also volatilises as chloride. 

The fatty acids or rosin acids, although their examination is of 
minor importance, may he determined by decomposing the ethereal 
solution with mineral acid. 

The following is the analysis of a commercial drier carried out by 
the author 

Per cent. 

Ash IS’h 

Fatty acids, including rosin acids . . . 83-42 

The more detailed examination gave the following result : — 
Complete Analysis of a Commercial Drier (Leivkowilsch) 


Lead oxido 

Per cent. 

. 10-99 

Manganous oxide 

G-79 

Iron peroxide . 

047 

Calcium oxido . 

or, r, 

llosin acids 

. 38-32 

Oxidised acids . 

4-24 

Other fatty acids 

. 40*80 


1 With regard to the analysis of manganese horate, ej>. Lndemann and Paisley, Atnei 
Chem. Jonrn.f 1903, 68. 



138 TECHNOLOGY OF MANUFACTURED OILS, FATS, AND WAXES oh. 


It must, however, be understood that the results furnished by a 
chemical analysis alone are not sufficient to supply the data on which an 
opinion can be based as to the properties the drier will impart to the 
oil. The colour and drying power of the boiled oil to be prepared, and 
other conditions, greatly influence the choice and quantity of the drier. 

A table detailing the proportions of metal contained in some com- 
mercial driers, as also the minimum temperatures at which they may 
be used, is given in the author’s Laboratory Companion to the Fats and 
Oils Industries. 1 

Each manufacturer appears to have his own “ formula ” for the 
quantity and composition of driers he adds to the oil in the boiling 
process. These “ formulae ” are guarded by the makers as valuable 
secrets. As a rule, a quantity of driers not exceeding 2 to *3 per cent 
of the oil is added. According to a recommendation of the ikulsch 
Schutzverein fur Lack- und Farbcnindastrie 2 a pure linseed oil varnish 
must not contain more than 2 per cent of drier, or, if rosin driers are 
used, not more than 5 per cent of rosin acids. The best results are 
stated by Wcyer to be obtained by using a mangano-lead drier, the 
manganese and lead salts being mixed in such proportions that 1 ho 
metallic lead (Pb) and metallic manganese (Mn) are present in the 
proportion of 5 to 1. The production of a drier by heating a mixture 
of aluminium hydrate and aluminium acetate in rosin and then adding 
sufficient soda to neutralise the rosin acids has been patented. 3 

The solid driers have the drawback that a considerable amount of 
“ foots ” settles out from the stored finished product-. 4 No such deposit 
is formed when liquid driers are employed. 

The drying power of finished boiled oil depends to a certain extent 
only on the quantity of drier added. When a given amount of drier 
has been incorporated with the oil, its drying power is not increased by 
a further addition of drier ; in some cases the drying power act ually 
decreases. Thus Wcyer states that the time necessary for drying to 
an elastic skin is the shortest when the boiled oil contains 0-2 per cent 
of manganese as metal, and in the case of mangano-lead driers 0*6 per 
cent of metals, the proportion of lead to manganese being 5 to 1 ® 

Lipped 6 pointed out the differences which the boiled oil skins show 
according as to whether they are prepared with lead driers or manganese 
driers. Whilst the boiled oils containing lead dry to a leather-like skin, 
the oils prepared with manganese arc more brittle and harder. As long 
as the boiled oils prepared with lead oxide driers are kept carefully 
protected from access of air, they do not suffer loss in drying power ; 

1 Table No. 43, p. 84. Analyses of inferior commercial driers have been given by 
Conte and Andrews, Analyst, 1910, 155. 

- Zeifs.f. angew. Chnn ., 1912, 876. 

3 Pilgram and Teller, French patent 399,804. 

4 W. Traine (German patent 101,941) suggests the use of lime as a means of prevent- 
ing the formation of “foots.” Since calcium rosinate is frequently used as a “ drier,” 
there is no novelty in the claim. 

5 /cits. f. angew. Chew., 1897, 401, 524, 560 ; Jh',e Saucrstojfanf hahuic tier Ole und 

llarze, E. Huldamus, Leipzig (cp. Lippert, Zeits. f. angew. Chem., 1897, 655 ; 1898, 412, 
431 ; 1903, 366). « Chem. Zeit „ 1903, 365. 
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nor docs the moisture of the air exercise the same influence on boiled 
oils prepared with lead oxide as on boiled oils prepared with manganese 
driers, for, in some cases, the boiled oils prepared with the aid of loud 
driers dry better in moist than in dry air. Lippcrt is therefore led to 
the conclusion that in contradistinction to boiled oils prepared with 
manganese the oils “ boiled ” with lead driers are influenced to a small 
degree only by the moisture of the air, and this in a manner perfectly 
independent of the proportion of lead. Yet, as a rule, if the air is dry, 
the incipient drying process proceeds more quickly. 

Since boiled oils prepared with the aid of lead have a tendency to 
deposit “foots,” Lipped tried to prevent their separation 1 by using 
lead rosinate, and found that “fused” lead rosinate is preferable to 
“ precipitated ” lead rosinate. Old boiled oils, rich in manganese, 
which frequently showed a considerable retardation in the incipient 
stage of drying if exposed to moist air, gained good drying properties 
after admixture with a lead -oxide boiled oil. These, observations, 
taken in conjunction with the results obtained by Weijcr, show why 
manufacturers of boiled oil (notably in Germany) are in favour of 
pinparing their boiled oils with the aid of lead-manga no driers. Up pert 
has further shown 2 that whilst all boiled oils dry more rapidly in a 
completely dry than in a moist atmosphere-- without regard to the 
age of the oil — small quantities of manganese suffice to induce a better 
drying in a moist than in a dry atmosphere. 3 

In the drying of boiled oils the influence of temperature, light, and 
of moisture of the air plays an important part. Lipped* specially 
examined the influence of the last-named lactor (proportion of moisture 
of the air) on the drying of boiled oils prepared with manganese, driers, 
bv exposing glass plates covered with a drying oil both to t he ordinary 
atmosphere and to a completely dried atmosphere (under a desiccator). 
It was found that boiled oils containing over 0*05 per cent of manganese 
dried more quickly in dry air than in moist air. The rule appears to hold 
good that boiled oils rich in manganese dry more quickly m dry air 
than in moist air, whilst boiled oils poor in manganese dry more lapidly 
in moist air than in dry air. 

It would appear to the author from these observations that the 
proportion of manganese in a boiled oil should he regulated accoiding 
to the season in which it is to he used. 

With regard to the theory of the action of driers, op. p. 178. 


Examination of Boiled Oils 

The chemical examination of boiled oils embraces the detection of 
adulterants, such as fish oils, vegetable oils (other than linseed oil), 

1 As to oilier suggested means of preventing the formation of “ foots,” e)». K. Timber, 
Cham. Ze.iL, 1906 1252. 

- Zaits.f. an (fan.. Cham ., 1905, 94. . 

3 There is no doubt that the velocity of the reaction, i.a. the drying, increases lapidly 
with the temperature, but no proof has been furnished as yet that the velocity of reaction 
increases according to Spring’s rule, viz. rises to double the velocity lor a rise of 10 C. 

4 Chcrn. Zeit.f 1900, 133. 
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mineral oils, naphthalene, 1 rosin oils, and rosin (cp. “ Linseed Oil,” 
Vol. TI. p. 63). Oils prepared with litjuid driers may legitimately 
contain small proportions of oil of turpentine. The number of “ boiled 
oil substitutes ” in the market is very large ; they are mostly made up 
of rosin, rosin oils, tar oils, petroleum oils, 2 with a small quantity of 
linseed oil or tung oil, or fish and blubber oils, and must be looked upon 
as adulterated oils. Most of the so-called “ patent boiled oils ” fall 
under this stricture. 3 On painting an alcoholic solution of “ oxidised ” 
acids from marine animal oils on glass or wood so that a thin layer of 
the oxidised acids is left, they acquire on diving a lustrous, dark 
brown colour and so assume the appearance of a varnish (Tsujimolo 4 ). 

Boiled oil is readily differentiated from raw oil by its specific gravity, 
by the presence of drier (giving a residue on incineration), «ind by the 
bromide test (see below). Boiled oil is frequently mixed with raw 
linseed oil, since boiled oil, if used alone, gives in some cases a “ hard ” 
coat liable to crack ; hence the detection of raw linseed oil in boiled oils 
is of little practical importance in this country. 

In those countries, however, where raw linseed oil and boiled oil are 
assessed differently by the custom-house officials, the rapid distinction 
of linseed oil from boiled oil is frequently required. Finkcner recom- 
mends, for custom-house purposes, the following test, by which 25 per 
cent of boiled oil are stated to be detected in raw oil. The following 
reagents are required : — A 20 per cent ammonia solution, and a solution 
containing 100 grins, of lead acetate and 32 grnis. of glycerin in 120 c.c. 
of water. The test is carried out as follows : 1 c.c. of the ammonia 

solution is mixed with 5 c.c. of the hard solution, 12 c.c. of the sample 
are added, and the whole is vigorously shaken together and then heated 
for three minutes to 100° C. If the sample be pure linseed oil, it will 
form two layers on standing, the lower one being clear, while if the 
sample contain boiled oil it will set to a soft, viscous mass. 

The best test for the detection and approximate determination of 
raw linseed oil in bailed oils prepared at elevated temperatures is the 
bromide test. 5 The oils boiled over free fire by the old process undergo 
polymerisation much in the same way as do the polymerised oils (p. 121). 
It has been shown above that the yield of ether-insoluble bromides 
rapidly decreases with the temperature employed. Hence these boiled 
oils will give a much lower yield of bromides. In boiled oils, however, 
which have not been heated to such high temperatures this method 
would not give a decisive answer, as the oils, not having undergone 
polymerisation, still yield approximately the same amount of bromides 
as do the original oils. 

This is clearly brought out by the following table, in which the iodine 

1 The addition of naphthalene has been patented bv W. Traiue, English patent 
5261, 1903. 

2 Pollard, Analyst, 1912, 217. 

3 The German patent 181,192 protects a substitute made from soft soap, amber 
varnish, drier, and water. German patent 166,563 claims wool fat and wool fat acids 
in conjunction with zinc rosinate. German patent 208,753 (K. Winkler) claims cod 
liver oil, rosin spirit, manganese rosinate. 

4 Journ. Coll. Eny. Tokyo Imp. Univ ., 1908, (5) 199. 

8 Lewkowitsch, Analyst, 1904, 2. 
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values of some “ pale boiled ” oils and some “ double boiled ” oils 
prepared at 150° C. are recorded. There is a considerable decrease in 
the yield of ether-insoluble bromides, coincident with a corresponding 
although by no means proportionate, decrease of the iodine value. The 
author’s view that these decreases are due to polymerisation which has 
taken place in consequence of the high temperature is borne out by the 
numbers recorded for the last three linseed oils, which were prepared by 
an ozone process investigat ed by the author. The treatment was ea rried 
out at temperatures at which polymerisation does not. take place ; nor 
would any ozonides (Vol. L Chap. VU1.) formed remain stable. Hence 
the yield of ether-insoluble bromides, as also the iodine value, is little 
lower than that of the original oil. 


Characteristics of Hulled Oils ( Lewkowifsch ) 


Name. 

Specific 

Gravity. 

Iodine 

Value. 

Ktlier-insolublo 
Bromides from 
Glycrides. 

Linseed oil (raw) 

0'9:j08 

18*1-4 

Per cent. 

21-17 

Tale boiled linseed oil 

0-9129 

171-0 

20 -97 


0-9149 

169-96 

13-03 

Ozonised ,, ,, 

0-91110 

180-1 

36 -26- 36 -34 

0-9:588 

17L2 

25 -73 

” ” ’’ 

0-9483 

169-7 

30-19 

Safflower oil (raw) 

0-921(51 

116-16 

traces 

Double boiled safflower oil 

0-9310 

137*3 

139-1 


Bale ,, „ 11 

0-93(50 


0-93013 

137-0 


Double ,, ,, ti 

0-9417 

141-8 

none 


0-95035 

127 -3 

1 


The amount of oxidised acids in boiled oils should not exceed the 
proportions given in the following table. Fahrion has drawn the 
conclusion (from a few experiments) that a boiled oil is the better the 
less oxidised acids its contains (cp. p. 1HO). 

In the chemical examination of a boiled oil, the numbers collated 
in the following table may he found useful as a guide 


[Table 
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It should bo noted that, owing to the presence of metals in boiled 
oils, the determination of the iodine value leads to too high results, 
unless the metal be first removed by treatment with mineral acids. 
The error that may be committed by not following these directions is 
shown by the figures contained in the following table : — 


Iodine Values of Boiled Oils (LetvhncitsrJi) 


Roiled Oil from 

Original Oil. 

Hoi Id Oil after Removal of 
Metal. 

Linseed oil 

173-3 

ion-7 

>5 >) 

177-2 

171-1 

Sa(llo\yr oil 

134-9 

130-7 


The valuation of a boiled oil which has been found free from adulter- 
ants must be based on “practical” tests, by exposing the oil to the 
action of the atmosphere in a thin layer on glass plates in the manner 
described, Yol. I. Chap. VII., and Vol. TT. under “ Linseed Oil.” The 
oil is exposed either in its original state or after admixture with pig- 
ments, such as are used in the preparation of paints. A weighed or 
measured amount of boiled oil is therefore intimately intermixed with 
a, weighed amount of pigment, the mass is spread in a thin layer on a 
glass plate, and exposed to the atmosphere side by side with a boiled oil 
of known quality. 

A set of different pigments may be used consisting of white load, 
zinc oxide, red lead, red oxide of iron, and yellow, green, blue, and 
finally blank pigments. Since the black pigment, which is free from 
metals, does not act as a catalyst, the black paint requires the longest 
time to dry, and therefore furnishes the severest test in judging the 
quality of a boiled oil. It should, however, be added that a good deal 
of practical experience is required to arrive at a definite opinion as to 
the val lie of a boiled oil . 1 It is recommended therefore that comparative 
tests with boiled oils of known quality be instituted. 

Boiled oil is extensively used 2 in the preparation of paints, var- 
nishes, and enamels. 


Paints 

The paints to be considered here are made by grinding together 
levigated pigments 3 with boiled oil in special grinding machines, until 

i Cp. }V*yer’s papers referred to, p. 138; Idpperl, Xeils. f. IW», 

With regard to plastic masses from boiled oil see German patent 1(,2 [ S j’ 3 
and also German patent 201,1)06 (Chum. lab. laegnitz, Sleusel an. I Go., Oil an 1 

Magnesium Powder ”). ,, .. .... .. „ , • . tll . lt>I . 1irv ( . v ;,ip 

» In the manufacture of •• anticorrosive or “ unt.lculms pa,nt^ , or ,urry <md,. 

”ld°!E aSU-i BbnU, **: .m 

229, 243, 254. 




144 TECHNOLOGY OF MANUFACTURED OILS, FATS, AND WAXES oh. 

a homogeneous mass, free from gritty particles, is obtained. The 
admixture of sulphonated petroleum residues has been patented. 1 2 In 
meat works the proportion of oil is kept as low as possible, it being left 
to the user to “ thin ” the paint with more boiled oil (and “ oil of turps ” 
if required) to the proper consistence, so that the paint can “ flow ” 
under the brush. The percentage of oil in different commercial paints 
lies, according to the nature of the pigments, from between 8 or 10 per 
cent for white lead paint to 30-40 per cent for black paints. 

The chemical examination of paints has been briefly sketched out 
already (p. 61). The paint is shaken out with ether to dissolve the 
oil. Frequently, however, the separation of oil from pigment cannot 
be thus (‘fleeted, and a mineral acid must be added to decompose metallic 
soaps and to bring the pigment into solution, in case it bjj soluble in 
acid. The ethereal layer is separated from the aqueous solution and 
any undissolved pigment. The undissolved portions often consist ol 
weighting substances (termed “ expanders ” in the United States), 
such as barytes, gypsum, etc. It may lx; pointed out here that thicker ‘ 
states that gypsum acts on the oil eatalytieally, inducing drying; ir 
other words, that it acts like a drier. After evaporating off the ether, the 
residual oil may be subjected to further examination. In the case ol 
artists’ paints the examination includes the identification of walnut oi 
(and) poppy seed oils. The mineral matter is examined by the well- 
known methods of inorganic analysis. Heavy metals like copper, 
chromium, 3 and mercury form the basis of anti-fouling (anti-rusting) 
paints. 

The more important physical examination of paints as regards 
their suitability for a given purpose, and especially for withstanding 
the action of the atmosphere, 4 falls outside the scope of this work (cp. 
also above). Fire-proof paints usually contain substances which 
evolve ammonia at high temperatures such as magnesium ammonio- 
phosphatc. 5 

For paints made with emulsions containing oxidised oils, cp. above, 

p. 110. 


Varnishes— Oil Varnishes 

The varnishes 6 to be considered here consist of a mixture of boiled 
oil, various gum-resins, and oil of turps. Varnishes prepared from 
mixtures of esters of cellulose fall outside the scope of this work, 7 as 
also the metallic paints, which consist of finely divided metals, e.g. 

1 Walker and Solin, German patent 228,633. 

2 Farbenzeit., 1912, 1825. 

3 Friedmann, German patent 248,292 ; cp. also Deutsch Osterreichisehe Mamies- 
mannrbhren Werke, German patent 175,631. 

4 Up. The, Chemistry and Technology of Mixed Paints, Maximillian Tod), New York, 
1907 ; Journ. Sac. Chon, hid., 1908, 311 ; ami K Tauber, Chon. Ztif ., 1909, 85 ; 94. 

0 Terrisse and Collignier, French patent 398,956 ; German patent 247,372. 

6 The so-called spirit varnishes — “laquers” — prepared by simply dissolving gum- 
resins in volatile solvents — alcohol, oil of turpentine, etc.— fall outside the scope of this 
work ; cp. French patent 398,813. 

7 French patent 445,638. 
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aluminium incorporated with ethyl or amyl acetate', to which in some 
cases is added nitro cellulose. 1 

Although the processes for manufacturing varnishes are guarded as 
valuable secrets, the actual amalgamation of the ingredients is a simple 
operation. The “ art " of the manufacturer consists in the suitable 
selection of gum-resins, and in the manner of preparing them oi 
“ running ” with oil. Most of the gum-resins must be subjected to 
a preliminary treatment by heating to a temperature of above 300 C. 
before thev acquire tJie property of remaining dissolved m the boiled 
oil and in the volatile oil, which is used for the “ thinning ” of the non- 
volatile portion of a varnish. The different gum-resins lose thereby 
from 5 to .20 per cent of their weight. 2 . 

The aetyal temperature to which each gum-resin or mixture o 
. guni-resins is brought up, and the length of time during which the fused 
mass must be kept at the desired temperature (so as to avoid “ under- 
cooking ” or “ over-cooking ”), have, been ascertained by truly empirical 
and, hence, costly methods. Therefore, this part of the operations 
is surrounded by manufacturers with the deepest secrecy. The attempts 
that have been made hitherto to avoid the loss incurred in the pre- 
liminary heating of gum-resins, e.g. dissolving them in oil of turpentine 
or in linseed oil under pressure, 4 have not been successful, as the dis- 
solved gum-resin is precipitated when the oil of turpentine is added. 
Nor have satisfactory results been obtained by dissolving the gum-resins, 
without previous fusion, in benzene, chlorohydring, toluene,- camphor 
oil fatty acids 0 (such as palmitic acid, linseed oil bitty acids, and tung 
oil’ fatty acids), naphthalene, 7 or a mixture of naphthalene and rosin 
oil » and copal oil, oil of turpentine, tcrpmeol 9 or amylalcohol, or a 
pdxture of the alkyl or aryl esters of pht halic acid. 

Although unheated gum-resins are soluble in their original state in 
oil of turpentine, and linseed oil itself is also soluble in this menstruum, 
a clear solution cannot be obtained by adding linseed oil or a solution 
of linseed oil in oil of turpentine to a solution of unheated gum-resins m 
•oil of turpentine. For “ varnishes” so prepared, although clear at 
first, become turbid as soon as the oil of turpentine commences to 
evaporate, linseed oil being insoluble in a concentrated solution ol the 


1 Gall, French patent 3 US, 081. Fur further technological information ep. Thorpe's 

Dictionary, article “ Varnish.” ~ t)fl 

- Cp. M. A. Tixier, “ Bur la theorit* lies verms, Monti. ncie.nl., 19) j, /~t>. 

:I French patent 16,472, 18;>6 (Sehiitzenhcigor). ...... 1u n-i i a 7 7 

1 Cp. Smith, .hum. .She. Chau. Ind., 1001, 10/6. Lcwkotvltacll, dud., 1.101, 10//. 
Lippert, Client. Rente, 1901, 177. 

6 English patent 5401, 1902. 

tl German patents 129,677 ; 14:*, 388. oo<onn- iwmnn 

■ French patent 334,107 (A. (Vtert)i heneh _ paten .3-4 300 , tern an 1 | at t 
16f,,008 (H. Terisse) ; German patent 154,7.% (Kamo). Cp. also t oilisnui, (Id 
Colour Truths Jovrn., 1909, 2029. 

» miirSiid KMnTmmthhigrWuwteiit 17,135, 1903 ; German patent 160,791. The 

terpineol ““kind by allowinK nitric aei.l to act on oil of torpontme. At present 
terpineol is obtained as a by-product in the manulocture of artificial camphor. 

10 Livache Comnt. rend., 1908 (146), 898 and Hull. d Mcounujemnit, 


1908. 

11 Hesse, German patent 227,667. 

VOL. Ill 
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gum-resins. Livache 1 states, however, that he obtains satisfactory 
varnishes without previous melting of the gum-resins by substituting 
fqr the total quantity of linseed oil required in the usual varnishes a 
mixture of two-fifths of that quantity of linseed oil and three-fifths of 
its mixed fatty acids. 

A recent patent 2 claims the dissolving of copals in petroleum or 
shale hydrocarbons at a pressure of 17 atmospheres. 

The gum-resins are fused in an open cylindrical nickel bottomed 
vessel fixed on wheels, so that the vessel can be rapidly withdrawn from 
the open fire, over which the mass is heated. The vapours which are 
evolved are allowed to escape through a chimney. In some works the 
temperature is carefully observed during the “running,” whilst the 
mass is well stirred, so that no part of the gum-resin may burn on to 
the side of the vessel. When the mass is deemed to have been heated 
sufficiently, the vessel is drawn from the fire, placed in an open space 
(yard), and the desired quantity of linseed oil or of “ boiled ” oil, 
previously warmed, is entered into the hot gum-resin, gradually and in 
small quantities, so as to prevent frothing over. If raw linseed oil is 
used, then the “ boiling ” is carried out over free fire, after the addition 
of “ driers,” by bringing the vessel again into the fireplace. NmhielsH 
and Bourgeois patent the use of a solution of manganese borate in 
turpentine. 3 

J. Berlaimant claims the preparation of varnishes by dissolving 
“linoxyn” and oleo-resins (without heating them preliminarily) in 
amylaleohol or amylacetate. 

During the melting operation the gum-resins undergo a kind of 
destructive distillation, and considerable amounts of irritating vapours 
are evolved, which if condensed would yield an oily liquid containing 
oxygenated substances (both acid and neutral) and consisting to a great 
extent of terpenes. 

The product thus obtained is termed “ varnish oil ” (French — 
Huile a verms ; German- —Lackol). The varnish oil is allowed to 
“ settle out,” so that “ foots ” may separate, or it is filtered through a * 
filter press. 4 The filter-cloths must be freed carefully from the varnish 
oil— by solvents— as the woven material impregnated with the varnish 
oil is extremely liable to spontaneous combustion. 

The varnish oil is then diluted or “ thinned ” with oil of turpentine 
(“ oil of turps ”) to produce the commercial varnish. 

The most suitable fatty oil, and practically the only one used for 
high-class varnishes, is linseed oil. A large number of patents have 
been taken out purporting to substitute successfully linseed oil by tung 

1 Conipt, rend, 1908 (146), 898. 

2 E. II. Strange ami E. R. Burrell, German patent 232,405 ; United States America 
patent 1,011,659. 

8 French patent 408,902. 

4 The German patent 189,514 (Internationale Elektra, Wcrke, G.m.b.H., System, 
Dr. Kronstein) claims a layer of comraoh salt and of some other hygroscopic substance 
(such as calcium chloride, magnesium chloride) as a filtering medium ; cp. also Wolff, 
Farbenxeit ., 1913, 2587. 
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oil, or by mixtures of linseed oil and tung oil. In order to prevent the 
gelatinisation of the tung oil, the addition of naphthenic acid, 1 zinc dust, 2 
sulphur and sulphides 3 has been proposed. In most of the products of 
this kind which the author has examined, the expensive gum-resins 
had been substituted by colophony (which is also capable of absorbing 
oxygen from the air; with regard to the oxygen absorption power of 
colophony, op. Table No. 38 of the Laboratory Companion to the Fats 
and Oils Industries). 

For oil of turpentine the less valuable ‘ k wood oil ” and cheaper 
hydrocarbons, especially petroleum hydrocarbons of the same boiling 
point, and special fractions of rosin oil are very frequently substituted. 

The addition of organic aromatic, bases containing nitrogen, e.y. 
pyridin, chyiolin, anilin, etc., to varnishes and linoleum is stated to 
prevent the further changes due to the influence of air and light which 
cause the dried coat to become hard and crack. 1 

A complete chemical analysis of varnishes is, in the present state 
of our knowledge, an extremely difUcult problem. 5 Whilst the fatly oil 
may be more or less readily recognised, it is in some cases impossible 
to identify the gum-resin constituent by chemical means alone, con- 
siderable practical experience being required to supplement the purely 
chemical examination. 

The first operation in the chemical examination of a varnish is to 
remove the volatile solvent. This is done by heating 100 grins, of the 
varnish in a current of steam 6 until no more volatile oil conies over 
with the vapours. 

The volume of the volatile oil is measured, and after its specific 
gravity has been determined the absolute weight can be calculated. 


Volatile Portion of the Varnish 

The examination of the volatile portion and its identification lias 
during latter years become a most important part of the analysis of 
varnishes, since, owing to the most devastating manner in which the 
collection of the oleo-resin (turpentine) from the pine forests of Carolina, 
Georgia, and Florida has been carried on, the supply of oil of turpentine 
(“ spirits of turpentine ,? ) bad decreased considerably. Thus whilst 
the American output of oil of turpentine (17*5 per cent of which are 
obtained from the crude turpentine by distillation) amounted to 
38,488,170 gallons in 1900, it had fallen to 30,687,051 in the year 1905, 
the number of installations then being 1287. The increased demand, 
coincident with decreased supplies, had raised the price considerably, 7 

1 “Vernisol,” Soc. Anon., Herman patent 253,845. 

2 Weinschenk, German patent 219,71 ft. 

3 Beringer, German patent application B, (58,951 . 

4 Ostwald and Ostwald, German patent 239,289. 

c Cp. Rebs, Chm. Zeit. Rep., 1908, 435; 

8 Cp. M°Jlhiney, Journ. Amer. Ctwn. Soc., 1895, 344. 

7 Especially as the production of artificial camphor created a new demand. 



148 TECHNOLOGY OF MANUFACTURED OILS, FATS, AND WAXES oh. 

as will be gathered from the following tables giving the quantities and 
the value of the exported oil of turpentine. 


Exports of Oil of Turpentine from the United States of America 


1901 . 



Gallons. 

. 20,240,851 

1902 . 



. 19,177,788 

1903 . 



. 16,378,787 

1904 . 



. 17,202,808 

1905 . 



. 15,894,813 

1906 . 



. 15,981,253 

1907 . 



. 15,854,676 

1908 . 



. 19,532,583 

1909 . 



. 17,502,028 

1910 . 



. 15,587,737 

1911 . 



. 14,817,751 

1912 . 



. 19,599,241 


During the latter years the production, stimulated by more favour- 
able weather and labour conditions, has increased again, as will be 
gathered from the following table 


[Table 
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The American oil of turpentine is obtained from the turpentine of 
various species of Pinus , the most productive being Finns palustris, 
,tfye “ long leaf v pine, and P. heterophylla (Cuban pine, slash pine), 
although also Finns taeda (the Cuban “ loblolly ” or “ rosemary ” pine) 
and the “short* leaf” pine are worked to advantage. 1 Similar in 
quality, though, as a rule, opposite in the sense of its optical rotation 
is the lrovorotatory French oil of turpentine, which is obtained from 
the oleo- resin of Finns maritima in the south and the south-west of 
France ( k ‘ Landes ”). The production of French oil of turpentine is 
very much smaller t han that of American oil. Reliable statistical data 
as to the production are not available ; it appears that most of the oil 
is consumed at home, the total export in 1004 amounting to 118,000 
cwts., of which 0150 cwts. were sent to the United Kingdom. In the 
year 1005 the quantity exported to the United Kingdom had trebled, 
reaching 28,154 cwts. The following years show a gradually decreasing 
amount, being for the years 1008 -13, 25,823, 20,300, 22,751, 23,635, 
17,086, and 33,630 cwts. respectively ; and in 1012 13 the export from 

1 The “ pond pine” (Pinus scroti nu), which is found scattered among the forests of 
the “ long leaf pine ” along the Atlantic sea-board, yields an oleo-resin, the volatile oil 
of which was examined by Hcrty and Dickson ( Journ . Amcr. Chew. Sue. 1908, 872). 
The oil had the specific gravity 0'8478 at 20" C., the iodine number 378 ; - 105° 36', 

it-" — V4734. One part of the oil required for solution at 22*5° C., 1'35 parts of 95 per 
cent, 4 ‘80 parts of 90 percent, 8 ‘10 parts of 85 per cent, 16 ‘20 parts of 80 per cent, 
and 56-00 parts of 70 per cent alcohol respectively, By fractionation the following 
results were obtained 


•c. 

Per cent. 

n20°. 

Rotation in 
100-uuu. tube 
at 20° C. 

172-175 

27‘4 

1-47K1 

- 87° 53' 

175-1 SO 

57-0 

1-4724 

-92° 21' 

180-185 

8-4 

1-4744 

-92° 14 

Abnvo 185 

7-2 

1-5045 



Comparative evaporation tests with a volatile oil from the oleo-resin of P. / vdiislris (i.c. 
the genuine American oil of turpentine of commerce) at the ordinary temperature, in 
shallow watch-glasses, using 0‘2 grins., gave the following losses 


boss after 

Oil from 

P. 'Industrie. 

Oil from 

P. serotimi. 


Per cent. 

Per cent 

4 hour .... 

35-7 

20-30 

1 hour .... 

62-5 

87-30 

H hours .... 

<11-7 

53-40 

2 hours .... 

90 0 

6S-47 

5 hours .... 

97-8 

98 -S 


With regard to the oxygen absorption power of the oil from P. scroti na , it was found 
that during t.he first days it absorbed oxygen much more rapidly than did the oil from 
P. palustris, but the total absorption after three months’ exposure was practically the 
same in each case. 

The oil from this oleo-resin has not yet appeared in commerce, but as the oleo-resin 
will undoubtedly become admixed (in course of time) with the. oleo-resin from P. palustris, 
attention should lie paid to the faet that the boiling point of the oil, as obtained on an 
experimental scale by llarly and Dickson , is somewhat high. 
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the United States to the United Kingdom were 575,131 and 476,400 

cwts. respectively. . . . . f 

The volatile oils contained in the oleo-resiu yielded by species o 
pine indigenous to the Western States of America have been examined 
by Schorger, 1 with the following results 


.. 

. 

— — - 

- 

J 

Source. 

Yield from 1 

Oleo-Kesin. 1 

j 

K 1 ,? 

i«i 4 

D 

Western yellow pine, P. pon- 

derosa 

P. ponderom sropulorum . 

Lodgepole l lilic » <; on(arta ■ 

I'inon pine,* V. fduhs 

Per cent. 

18- 5 ! 

19- 6 
j 14-7 

20- 0 

0-8625 1 
0-8639 
0-8518 i 
0-8080 ! 

1 

1 4772 
1-4723 
1-4800 
1-4707 

Decrees. 
-41-34 
30-90 
| -57-81 

j -1-55-35 


The American and French oils of turpentine, being obtained f> m 
tll0 oleo-resin exuded by the live tree (‘ gum turpentine, wool 
turpentine ”), have a pleasant pine odour free from the empy i eun a _ 
which stamps the Russian oil (see below) as an oil of decidedly 

also been added. 


1898- 1899 

1899- 1900 

1900- 1901 

1901 - 1902 

1902- 1903 

1903- 1901 
1901-1905 

1905- 1906 

1906- 1907 

1907 1908 

1908 1909 

1909 1910 

1910- 1911 

1911- 1912 
1912 1913 


Kilos. 

1,866,821 

2,336,288 

2,379,301 

2,287,671 

2,519,309 

3,116,896 

3,440,815 

3,589,324 

1,330,699 

4,610,735 

1,684,712 

4,652,594 

4.727,873 

1,477,355 

4,971,161 


Kilos. 
6,534,661 
8,375,535 
8,167,005 
7,972,650 
8,706,474 
10,825,256 
12,090,555 
12,157,241 
14,601,375 
1 5,350,547 
15,766,465 
15,369,629 
15,235,741 
16,214,797 
16,820,258 


, , iqi u sec Ve, Grig. Comm., xii. 181. 

i Eighth hit. Cong. AppL Chan., 1913, sec. vt, j 
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home. The oil obtained by the steam distillation of the rosin from 
Pinus halepensis, largely grown in Andalusia, had the following 
characteristics 1 : — 

Specific gravity at 20 C. . . 0-859 

Optical rotation .... -8-73 

Refractive index .... 1-4654 

Specimens of the oleo-resin from Pinus halepensis , which grows 
largely in Greece, Algiers, and France, yielded from 14*7 to 27 per cent of 
oil of turps. The specific gravity was 0* 8552-0* 8568, the specific rotation 
+ 46-6-47*6, and the refractive index at 25° C., 1*4658-1*4652. 80 per 
cent of these oils distilled over at 155-156° C. 2 

The imports into the United Kingdom from Spain and ‘.Portugal in 
the years 1908-13 were 6540, 1380, 6780, 5200, 6260, and 5900 cwts. 

In India the production of (rosin and) oil of turpentine has been 
taken in hand under the auspices of the Government. The species 
Pinus qiranliana, Wall. (North-West Himalayas and Garwhal), Pinus 
Khasya, Hoyle (Khasia mountains of Chittagong, Burma), Pinus 
loiigifolia, Roxb. (Himalayan slopes, North-West Kashmir), and Pinus 
Markusii (Shan States, Martaban, Upper Tennasserim) seem to be 
suitable. The oleo-resin from Pinus Ion yi folia has been collected for 
distillation, especially during the last few years in the distilleries of 
Delira, Dur-Nani-Tal, and Nurpur. The Government factories in 
Nurpur and Dchra are, however, closing down. In the year 1900-1 
over 22,000 trees were “tapped” and 1450 maunds 3 of turpentine 
were collected, which yielded 1600 gallons of oil of turpentine. In 
the year 1902 3, 43,000 trees were “tapped” and 3000 maunds 3 of 
oleo-resin distilled. In the year 1906 the production had been greatly 
extended, so that in the United Provinces about 11,664 gallons of oil 
were manufactured. In 1910 the productions had risen to 29,900 
gallons. It- may be noted here that oil of turpentine as distilled in 
India contains a greater proportion of higher boiling fractions than do 
French and American oils. 4 

According to private reports, the Mexican pine is also likely to 
yield (in the near future) considerable amounts of turpentine. The 
Mexican pine differs from the pine exploited in the United States in 
its habitat, the Mexican pine growing at an altitude of 5000-9000 
feet, whereas the American pine grows at a height of 500 feet. The 
yield of turpentine per tree is stated to be much larger than that of 
the American pine. Reliablo data are, however, not yet available. 
Up to the present the output of oil of turpentine and rosin appears to 
be very small. 

The greatest consumer of oil of turpentine is the United Kingdom, 
as will be gathered from the following table : — 


1 Olalulio, Amd. Fix. Quint . , 1909, 442. 

2 VY-zes, Gltem. /tit., 1912, 1189. 

1 niaund=82'3 lbs (37*32 kg.). 

4 Purau Singh, Indian Forest Records , 1912, vol. iv. Part I. 
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Imports of Oil of Turpentine into the United Kingdom 


Year. 

Total Quantity. 

Total Value. 

From (lift 

Quantity. 


Cwts. 

£ 

Cwts. 

1901 

648,846 

842,742 

618,972 

1902 

522,455 

888,538 

496,389 

1902 

523,109 

1,028,934 

460,324 

1904 

528,112 

1,006,369 

462,079 

1905 

. 526,679 

1,104,300 

424,892 

190Q 

512,836 

1,076,870 

396,332 

1907 

510,308 

975, 166 

389,828 

1908 

573,078 

838,154 

497.761 

1909 

443,375 

(599,807 

365,967 

1910 

472,217 

1,001,216 

365,281 

1911 

180,130 

914,028 

363,185 

1912 

656,216 

1,028,007 

575,131 


£ 

Si 9, ,‘527 
851 ’,4 84 
938,184 

925,000 

972,(59:5 
908,(507 
814,5:52 
7-12,1 55(5 
(112,224 
Nr.ti.M7 
7. •59.027 
920,228 


Accurate statistical data for Germany are not available, as oil of 
turpentine is classed together with pinolin, pine needle oil, ram oil 
(and in the years 11)05-9 also with camphor oil), as is stated m the 
following table : — 
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The following table gives the imports of rosin into the United 
Kingdom : — 


From— 

United States . 
Franco 

Spain and Portugal 
All other countries 


19 H). 

v . ' 

1911. 

1912. 

I9i;i. 

48,381 

50,08ft : 

50,763 

j 66.651 

16,087 ’ 

13,250 

17,742 

0,672 

8,160 

8,641 1 

10,001 

i 8,350 

1,503 

2,288 

3,473 

1 3,230 


From the above-given tables the quantities of oil of turpentine 
imported into Germany from the United States can be compel ed. 
In the difference there would be included the import of Spanish oil of 
turpentine, and most notably the Russian and Finnish oils of turpentine. 

Genuine oil of turpentine ( k ‘ (Jutn Turpentine oil/’ *’ Box 1 Turpentine 
oil ”) should have a specific gravity of (><S()5 at 15*5°(U T should yield on 
fractionation (determination of the boiling point ) DO per cent of distillate 
from 155° to 105° 0., should have a flash point of about 92°-D4° F. 2 in 
Grafs apparatus, absorb about 400 per cent of iodine, 3 and have a 
refractive index of 1*47 at 20° 0. 4 In the following table (see p. J(>2) 
the analytical data of two different specimens of genuine American oils 
of turpentine are given. With regard to the iodine test some details 
are added which show that on using an excess of iodine of 110-135 
per cunt the highest results are obtained after sixteen hours' standing. 
It should be noted that, in contradistinction to “ wood (oils of) turpen- 
tine ” (see below), the several fractions obtained in the boiling point test 
g. " r e approximately the same numbers, a fact which is of importance 
ill the examination of substitutes and adulterated specimens. 

The part which oil of turpentine plays in the process of ’‘drying ” 
will be dismissed below, p. 178. 

Of distinctly inferior quality to the American and French oils of 
turpentine is the Russian oil of turpentine, and its substitution for 
American and French oil of turpentine without a specific declaration 
as to its origin is not admissible. 

1 11. WollV, Ohm. Zdl., 19] ‘J, 702, so called from tin* process of colluding the 
turpentine in boxes. 

2 The Hash point of a sample of Finnish turnentinc examined by Nash (Analyst, 
1911, ^11) was 67" F. 

a The determination of the bromine absorption (Vaubcl, Plutrm . Zeiimaj, 1906 (f*l), 
257) in place of Hie iodine test cannot be recommended (cp. Vol. 1. Chap. X.). 

4 The generally accepted opinion that American oil of turpentine is dextrorotatory 
has not been borne out by examinations. Herty ( Juiirii . Amcr. Chew. <S« r„ 1908, 
863) states that whilst oil obtained from turpentine, at different times of the year 
from one and the same tree remains fairly constant in its optical rotation, oils obtained 
from oleo-resins from different trees of the same species and growing quite close to each 
other exhibit wide variations. Thus oils from P. /mlusl ris exhibited rotations horn 
+ 1 J 23' to + IS 5 18' in a 100-rnin. tube at 20" C., and oils from the turpentine from 
Pinna heterophylln rotations ranging from + 0 J If/ to - 29 J 26'. These observations 
explain satisfactorily the apparently conflicting statements occurring in the literature 
oil this subject (Valenta, Vhetn. Zed., 1905, 807). With regard to the rotatory dispersion 
of oil of turpentine, see E. Darmois, (Jompt. rend., 1908 (147), 195. 



156 TECHNOLOGY OF MANUFACTURED OILS, FATS, AND WAXES ch. 

This oil is obtained by distillation of the (dead) waste wood and 
roots 1 of the Scotch fir (Pinus sylveslris ) } and is best known under its 
German name “ Kienol ” (“ Pine Oil ”). The oil has an unpleasant 
empyreumatic odour, which a varnish prepared with it will give off 
whilst drying. Hence this oil is entirely unsuitable for varnishes used 
for indoor work. This serious drawback has led to the designing of 
processes for the deodorisation of the Russian oil, such as distilling 
over lime or caustic soda, metallic sodium, metallic calcium, 2 or treat- 
ment with ammonia under pressure 3 or with oxidising agents (per- 
manganate, 4 chromic acid, pcrsulphatcs, ozone) followed by distillation 
over lime 5 or zinc dust. 6 

For the detection of small quantities of pine oil in oil of turpentine 
Piest 7 gives the following test 5 c.c. are shaken with an equal volume 
of acetic anhydride and 10 drops of hydrochloric acid. The mixture 
is cooled and shaken after the addition of a further 5 chops of hydro- 
chloric acid. After cooling the solution has a faint yellow colour if 
the oil of turpentine be pure, whereas if pine oil is present, darkening 
of the solution takes place. 

It may be added here that Schindelmeiser isolated from “ Kienol ” 
the following substances: toluene, cyniene, a quinone-like substance 
having a pungent smell, nopinenc, sylvestrene, dipentene, and hydro- 
carbons of the methane series. From the highest boiling fraction of 
“ Kienol ” there was obtained a sesquiterpene identical with an optically 
inactive hydrocarbon which is associated with cadinene in oil of cade. 

The products now placed on the market are of much superior quality 
to those that were delivered some six or eight years ago, but they 
cannot rank on a par with American or French oil. 

The Russian oil is chemically differentiated by a much lower iodine 
value, lower specific gravity, and higher boiling point. Russian oil 
contains only a small quantity of Pinene. 8 

A sample of “virgin” Russian turpentine examined by Parry 6 
gave the following figures : — 


1 lienee, this oil is also known as “ Wurzelstockbl.” 

- Cp. A. Hesse, English patent 7934, 1906 ; German patent 180,499 ; United States 
patent 885,907. Up. also Sprenger, Belgian patent 210,591. 

;i J. Seliindelmeiser, German patents 239,516, 253,241. 

4 Tassilly and Sterkers, French patent 441,501. 

5 E. tleber, English patent 10,004, 1903; United States patent 830,069, 1906 ; 
Carl Kaas, German patents 170,543, 180,207 ; O. P. Pellnitz, German patents 202,254, 
218,337 ; United States patent 910,146 ; Hecker and Zeidler, German patent 196,907. 

6 L. Alders, German patent 204,391. 

7 VhemZZcit ., 1912, 198. 

8 Henderson and W. J. S. Eastburn, Jouni. Chan, tioc., 1909, 1466. 

9 Chemist anil Druggist, 1912, 75. 
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% 



Crude. | 

. i 

It edified. ! 

Specific gravity at 15° 

C. . . 


1 

0-807 

0-8040 * 

Rotation 



+ 7° 50' j 

+8° ; 

Refractive Index 



1-4718 

1-4890 

Distillation test : — 




i 

Below 155° C. . . 



Traces 

Nil 

155°-160° C. 


’ 

05 per cent 

08 per cent i 

160°- 165° C. 



11 

13 

165°- 170° C. 



13 „ ! 

10 „ | 

170°- 180° C. 



7-5 ; 

7 ' ! 

Over 180° C. . 



3*5 ' 

2 

The analysis of an 

oil of this type is given under No. i 

l of the following 


table, p. 162. Such an oil is easily recognised as a Russian oil by its un- 
pleasant (empyreumatie) smell, which become, s distinctly noticeable if a 
few drops are poured on to a strip of filter-paper and allowed to evaporate 
slowly. It is further recognised as a u wood oil” by the sulphurous 
acid test (Gonradson ). x On shaking equal quantities of oil and sulphur- 
ous acid of specific gravity 1*030, the oil, which separates on the top, 
has a dark yellow colour. Mixtures of this oil with genuine oil of 
turpentine are in this test readily recognised by a green colouration of 
the oil. If the percentage of Russian oil in a genuine oil of turpentine 
is small, the sulphurous acid test leaves room for doubt. Reliance must 
then be placed on the smell of the sample, which should be allowed to 
evaporate slowly by exposure to the atmosphere. 

The quantity of Russian oil of turpentine exported to the United 
Kingdom is given in the following table : — 


liussian Oil of Turpentine imported into the United kingdom 


Year. 

Quantity. 

Value. 


Cwts. 

£ 

1901 

21,956 

19,882 

1902 

27,875 

24,249 

1903 

56,304 

60,155 

1904 

52,709 

58,147 

1905 

68,764 

67,117 

1906 

78,334 

91,956 

1907 

95,422 

110,271 

1908 

35,885 

34,938 

1909 

51,617 

49,848 

1910 

70,707 

75,108 

1911 

78,245 1 

95,707 

1912 

48,713 j 

58,332 


During recent years Russian oil has also been imported in the United 
States, where it is no doubt used to adulterate genuine American oil. 

1 Journ. Soc. Chan. Iud 1897, 519. In the continental literature tins test is 
described as the Uertfchl test, although HcnfrhVs first publication appeared m Atds. 
f. Hffentl. Chan,, 1904, 382. It may be added that Hcnfehl still claims {than, ha at, 
1908, 11) the sulphurous add test as having been suggested by him. 




158 TECHNOLOGY OF MANUFACTURED OILS, FATS, AND WAXES oh. 

Finnish (Swedish) oil of turpentine from ivood , as also “ pine needle 
oil,” obtained by distilling the fir needles, 1 and the so-called “ Sulfat 
turpentine oil,” 2 have a similar character, and can at best only be 
considered as inferior substitutes of the genuine oil of turpentine.® 
The Finnish oils are dextrorotatory. 


The scarcity of genuine oil of turpentine in America (in 1907-8) has 
led there also to the distillation of branches and roots of the pine tree 
(dead wood), and thus an oil was produced which was at first sold under 
special names, such as “ wood oil,” u pine knot oil,” “ wood turpentine,” 
“ pine wood turpentine.” Its empyreumatie odour, similar to that of 
the Russian oil, and its inferiority as regards imparting drying power 
to a varnish, readily characterised this product as a lo w-gradp oil . Thus 
an oil obtained by dry distillation of dead wood gave an oil having 
the specific gravity 09231 at 15° C. and of a vyrv dark colour. During 
recent years a considerable improvement, of the product has been 
effected by careful distillation of the wood in a current of steam, 4 
followed by careful fractionation and chemical purification. An oil 
so obtained had the specific gravity 0*8834 at 15° U. and the relractive 
index 1 -1-749 at 15° C. 5 A product of the same origin but. after being 
refined, had the specific gravity 0*8698 at 15° C. and the refractive 
index 1*4-709 at 15° 0. Thus, whereas several years ago such oils were 
readily recognised by low iodine values- about 212 6 for " refined wood 
turpentine ” and 328 for “ water white” quality a commercial speci- 
men which the author examined — No. 4 of the table, p. 1G3, closely 
approaches the iodine absorption of genuine oil. It will be further seen 
from the numbers given in the following table for ia and 46 that by 
further fractionation of this sample the first 84 per cent, reached almost 
the normal iodine value of genuine oil of turpentine. 


1 Cj>. J. J. Komlakow and J. Schiudidmeiser, ('hem. Zed., 19(H), 722 ; 0. Aschan, 
Zeits. f. ungew. Cham 1907, 1811. Cp. also ibid., 1908, 408 ; Bergstrom and Fagerliml, 
C hem. Zed. Rep.. 1908, 641. 

* This is a low-class oil of turpentine recovered as a by-product in the manufacture 
of cellulose by the sulphate process (Vilarson ami Person, Juvrn. Sue. Client, lad ., 1907, 
278). It contains as impurities organic sulphides which can be. removed by treatment 
with sulphuric acid containing 50 per cent monohydrate, and subsequent distillation in 
a current of steam. Klnson, Rapier Zeil., 1908, 3779 ; cp. Bergstrom, Chnn. Zed. Rep.. 
1909, 35. 

3 For a process of deodorising “ sulfat turpentine oil” by means of nitrous oxides, 
see German patent 210,829 ((J. G. Schwalbe). 

4 From the large; number of patents, most of them repetitious of earlier patents, the 
latest may be selected J. G. Gardner, United States patent 808,035 ; G. O. Gilmer, 
United States patent 813,088; F. 8. Davis and Richardson, United States patent 
826,407 ; F. M. Gideon, United States patent 832,311 ; J. G. Saunders, United States 
patent 834,759 ; llale and Kiirsteiner, United States patent 828,474 ; J. T. Denny, United 
States patent 834,875 ; G. R. Bride, United States patent 840,955 ; M. M‘Keuzie, French 
patent 367,926; United States patents 851,687, 852,236; German patent 200,157 ; 
K. Bosch. French patent 357,391; F. T. Snyder, French patent 368,198 ; English 
patent 19,870, 1906 ; United States patent 821,264 ; II. Rasche, Uuited States 
patent 850,098 ; F. Pope, United States patent 852,078 ; J. W. Thompson Raleigh 
and Newsom, United States patent 862,680. A criticism of these processes is given by 
Teeple, Journ. Sue. Chan, fnd ., 1907, 812. Up. also J. Walker, United States patent 


922,369. 

fl United States Dept, of Agricult. Forest Service; ep. Chan. Zed., 1909, 859. 
6 Worstall, Journ. Soc. Chem. Ind. } 1904, 301. 
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These highly refined wood turpentine, oils approach in their boiling 
points and iodine values so closely to the genuine oils that they can 
be differentiated from the latter only by the sulphurous acid test and 
by their smell. For mixtures of 20-30 per cent of “ wood oil wifli 
80-70 per cent of genuine oil the sulphurous acid test is of doubtful 
value, and fails completely if the percentage of “wood oil " falls still 

lower. . . 

In such cases - which, however, hardly occur m practice, as the 

cost of refining renders the admixture of so small an amount un re- 
munerative- -the smell of the sample itself or of the residue from a. 
distillation will serve as a guide. Confirmation of a suspicion can t hen 
be obtained by the chemical examination of the several fractions, into 
which the o\f is resolved, by distillation (cp. No. lu and \h of the following 
table). Hawley 1 states that wood turpentines contain large amounts 
0 f dipentcnc and heavy oils, their proportion depending to a great 
extent on the temperature employed in the distillation of the crude 

wood turpentine. , f . .. „ ... 

To the class of wood oils belongs the “long leaf pine ml, which 
is obtained as a by-product in the extraction of turpentine from 
“lightwood" 2 (!.('. from portions of the tree wind, have been cut at 
least, three yearn and are very resinous) by means of steam. 1 Ins oil, 
which now comes into the market in considerable quantities, has a 
sped lie, gravity ranging from Oi>35 to IMM7. begins to . hsttl at about 
200° -210° C!., and yields 75 per cent, between 211 -d, • 

per cent, between 2J.T-217 0 0. A sample of the specific gravity d-.M,) 

It 15-5° 0. had the specific, rotation la]-,'!- -- 11 , and the rctiai five 

index u = M830.® Tlie oil eonsbtH essentially ot terpmeol, hi"is u . 
and gives, by treatment with 5 per cent of sulphuric acid terpene 
i.” (i N o+IIO with a yield of <i<) per cent, of the tlieoietn.il 
one. 1,1 winding to Teeple, the formation of terpincol appears to he due 
to the gradual absorption of J molecule of water by the pmene ol the 
oleo-resiin after the death of the tree.* The long leu pme o,l is s at d 
to dissolve any of the ordinary gum-resins without, it being necessa.) 

table under No. 5 and No. 6. 

1 V III. hit. Collar. Appt- M ’“.Jr 

2 Teeple, Jounu &*. Cheat hut., 1!)0 '' 811 j„ 

2 Teeple, Mum. Amer. then i>., 1»08, -• ber _ 

‘ Walker, Bull. Mass. hyJlwurbous in oil of turpentine, ep. also 

» With regard to the clic.nn.try o u 1. n 1906,1401. 

G B. Frankfurter and F. 0. Fnury, /■'«'«• A " M ' 

B Compt. rend., 1909 (149), *>72. 
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It will be seen that the last sample, No. 6, contains much more of 
the adulterant than does No. 5. The usual adulterants of turpentine 
oil are rosin spirit (pinolin *), rosin oil, 1 2 and especially petroleum hydro- 
carbons of the same boiling point. 3 All these are easily detected by 
the determination of the specific gravity, boiling point, iodine value, 
and refraction of the sample or (and) of its fractions ; thus the amount 
of adulterant can be derived with sufficient accuracy for practical pur- 
poses. 4 The iodine values of rosin spirit and rosin oil are about 180 
and 100 respectively ; the iodine value of petroleum hydrocarbons 5 * is 
very low or nil. Grimaldi and Prussia 0 base a method for the deter- 
mination of petroleum hydrocarbons on the oxidation of the oil by 
mercuric acetate and the solubility of the resulting product in dilute 
nitric acid. The method is carried out as follows : — 75 grins, of mercuric 
acetate are placed in a graduated flask of 500 c.c. capacity, having also 
a graduation on the neck from 0 to 10 c.c. The mercuric acetate is dis- 
solved in 200 c.c. of water, 100 c.c. of glacial acetic acid, and 10 c.c. of 
the oil are added and the flask heated for two hours at 80° 0. under a 
reflux condenser with constant shaking. After cooling, the flask is 
filled up to the mark with nitric acid (2 parts of nitric acid of specific 
gravity 1*4 and one part of water) and shaken. After settling, the 
volume of insoluble oil is read off. There is, however, a loss of from 
0*35 to 0-7 c.c. in the volume of the insoluble hydrocarbons. Nash 7 
gives as a rapid test the shaking up of a measured volume in a graduated 
tube and comparing the amount of froth with that produced by mixtures 
of known composition : turpentine alone gives no froth. Richardson 

1 Grimaldi [(/hem. Zeit ., 1907, 1145 ; Adi del 17. Cmigresso di Chi mica Applicata , 
Rome, vol. v. 305) proposes the following colour reaction as characteristic of pinolin : (1) 
An emerald-green colouration with tin and concentrated hydrochloric acid. 100 grms. 
of oil are distilled fractionally, and the first 5 fractions of 3 c.c. each, as also the follow- 
ing fractions, taken in intervals of 5 U C. up to 170 u C., are tested with hydrochloric acid 
and tin, the test-tube being kept in a boiling water-bath. In the case of pure pinolin a 
deep emerald-green colouration is observed. The presence of 5 per cent of pinolin in oil 
of turps, or of 10 per cent “ Kiuniil,” can be detected. If the colour reaction be 
indistinct, the experiment should be repeated with 200-400 grins, of substance. (2) 
A yellow colouration changing to green with bromine vapours. The fractions are 
prepared as described under (1). One drop is placed in a porcelain dish, and 2 c.c. of a 
reagent, prepared from 1 volume of crystallised carbolic acid and 2 volumes of carbon 
tetrachloride, arc added and vapours of a solution of bromine in carbon tetrachloride 
blown over it. 

- A colourless rosin oil of less than 0*9 specific gravity and boiling point about 
30 u -200 u ('. is frequently used for adulteration. 

Coste and Nash, Analyst., 1911, 207. 

4 For the determination of petroleum hydrocarbons by means of concentrated sul- 
phuric acid (proposed by Armstrong, J'harm. Journ., 1882, 584), cp. J. M. M ‘Cam Hess, 
Journ. A liter. Chein. Hoc., 1904, 26; Bbhme, Che m. Zeit., 1906, 633; R. Adan, Bull. 
Soc. Chim. Bely. , 1908, 389; Morrell, Journ. Soc. Client, /ml., 1910, 241. For 
Burtons nitric acid test, proposed in 1890, see ibid, and Marcusson, Client. Zeit., 1909, 
979, 985. 

5 For the vapid detection and determination of petroleum naphtha in turpentine 
H. C. Frey [Journ. Anter. Ghent. Soc., 1908, 420) recommends to measure 10 c.c. of a 
suspected sample into a 50 c.c. stoppered measuring cylinder, to add 30 c.c. of aniline, 
ami shake violently for live minutes. Jf any petroleum naphtha is in the sample, it will 
float on the top and its volume can be read off. Frey states that this method gives very 
good results if care be taken that the aniline is free from water. 

« Ann. Chim. Appl., 1914, 324. 

7 Analyst, 1909, 161. 
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and Whitaker 1 propose a method for the determination of benzol and 
its homologues, based on the conversion of these aromatic hydrocarbons 
into sulphonic acids by treatment with fuming sulphuric acid ; the 
excess of sulphuric acid is neutralised with barium carbonate, tho 
barium sulphate filtered off and the barium present in the solution as 
barium sulphonate is determined in the usual manner. 

Rosin spirit gives a green coloration with sulphurous acid. Vcitch 
and Donk 2 state that if rosin spirit is present treatment with sulphurous 
acid produces a red coloration, a green colour being given by hydro- 
chloric acid. Recently carbon tetrachloride has been used for 
adulteration, chiefly to mask the presence of petroleum hydro- 
carbons, which lower the specific gravity (see No. (i of the following 
table). Several patentees claim the addition of carbon tetra- 
chloride to oil of turpentine on the plea that it renders the latter 
non-inflammable. 3 This statement is, however, not borne out by facts, 
and it would rather appear that the carbon tetrachloride is added to 
“ correct ” the low specific gravity of added petroleum hydrocarbons. 
The detection of carbon tetrachloride offers no difficulty. Oil of turps 
to which copal oil has been added exhibits inferior drying powers to the 
pure oil, inasmuch as the residue loft on drying has au oily consistence 
and a strong acid reaction. It is also said to produce inflammation 
when brought into contact with the skin.' 1 In the preparation of turpen- 
tine substitutes from petroleum hydrocarbons those fractions are taken 
which distil between 70 and 120° C., and are deodorised by treatment 
with sulphuric acid, followed by a solution of bisulphite and finally 
with alkaline water. After drying, the product is mixed with natural 
turpentine with the addition of small amounts of camphor, rosin, and 
terpene in order to raise the gravity of the mixture/’ 

1 „ . ,V. (Jhm. I ml, 1911, lie. 

- Bull (ni/cf Stolrs /),’!>/. A'/rir ., 11)11 29. 

English intent 21, 9'* 1 ((1. II. Harrison); A. l’ollet, French patent 3f>1,r2f>, and 
First Addition No. G17(>. 

4 Yiuibel. Zeilx. f. C/it'm., 1910. llGo. 

r> Vnlotte, Flench patent 11i>,218. 
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Analyses of Genuine Oils of Turpentine , Rnssian Oil of Turpentine , W ood 
, Oil , Adulterated Oils (Lcwkowitsch ) 1 



Specific 

Gravity. 

Roiling Point. 

Flash 

Point 

in 

Gray’s 

Tester. 

Iodine Test (Wijs’ Method). 

Excess 

of 

Iodine. 

Time allowed to stand. 

•c. 

Yield. 

20 min. 

4 hrs. 

16 hrs. 

No. 1 Genuine oil 
Gum Turps 

0-8685 

156-157 

158 

159 

160 

88% 

62% 

84% 

92% 

93° F. 

Por cent. 
118 

181 

109 

388-2 

379-6 

402-0 

No. 2 Genuine oil 
Gum Turps 

0-8686 

154-155 

157 

159 

160 

7% 

45% 

84% 

95% 

94° F. 

75 

145 

147 

135 

380-4 

317-5 

390-0 

403-5 

No. 3 Russian oil 

8a Distillate 50 
per cent . 

8 b Distillate 
next 40 
per cent . 

3c Residue 10 
per cent . 

0-8610 

0-8562 

0-8601 

0-9022 

160-161 

163 

165 

169 

170 
175 
178 
180 
185 

5% 

12% 

24% 

50% 

57% 

76% 

82% 

85% 

90% 


240 

157 

175 

298-2 

311 

317-0 


The author can confirm (from his own examination) the reliability 
of this test for approximate quantitative determination. 

1 Op. also F. W. Richardson and Bowen, Jonrn, Hoc. Chm. Ind. } 1908, 013, and 
j. ii. Coste, Analyst, 1908,219; 1909, 150; 1910, 112; Criticism by Ooste of ^ 
Richardson and Bowen’s method, see Analyst, 1910, 113. 
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Analyses of Genuine Oils of Turpentine, JRussian Oil of Turpentine, Wood 
Oil, and Adulterated Oils ( Lewkowitsch ) — continued 


No. -1 


‘ Wood oil,” 
refined 



Distillate 81 


per cent . 

46 

Residue 1(5 


per cent . 

No o 

Oil of turps 
sub- 


stitute 


Specific 

Gravity. 


0'8677 


No. 6 


Oil of turps 
sub- 
stitute 





Iodine Test (Wijs’ Method). 



Flash 



! Honing Point. 

Point 





in 

Gray’s 

Excess 

Time allowed to stuud. 

“0. 

Yield. 

l\'hter. 

Iodine. 

20 min. j 

4 hrs. 

1(1 hrs. 




Per cent. 




155-150 

90/ 

05° V. 

163 


3777 


If. 7 

13% 


121 



380’9 

158 

28% 






159 

40% 






ICO 

r»o% 






161 

60% 






102 

66% 






163 

1 % 

o>% 






164 






165 

78% 






166 







170 

«l/o 


151 


389-5 





211 


291 "2 


147-150 

1% 

93’ V. 

271 


233-4 


155 

!>% 






1 56 

H% 






157 

1«% 






160 

28 c ; 






162 

36% 






165 

44% 






170 







175 

01% 






ISO 

68%, 






185 

73% 






190 

7f‘% 






195 

77% 






200 

80% 






205 

82% 






i 115-150 

8% 

94 1 K. 

1377 


78-86 


1 55 

5°/ 






160 

10% 






165 

15% 






170 

20% 






175 

37% 






180 

32% 




| 


185 

38% 




1 


1 90 

43% 






195 

49% 






200 

r>4% 


i 
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The function of the oil of turpentine in a varnish is to act as an oxygen 
(and (or) ozone) carrier, thus assisting the drying of the gum-resin and 
of the drying oil (cp. p. 178). It is very likely that if ozone be formed, 
the latter would exercise a bleaching effect as well. When the varnish 
dries, part of the oil of turpentine becomes resinified and assists in 
furnishing a more elastic coat than would be obtained without the oil 
of turpentine. Rosin spirit and rosin oil leave a sticky residue behind, 
which greatly retards the drying of the oil and gum-resin (most likely 
by preventing the free access of air). The petroleum hydrocarbons 
volatilise completely, but fail to impart any drying properties. 


Non-volatile Portion of the Varnish 

The residue left in the flask after the removal of the volatile portion 
is Reed from water. By ascertaining the amount of glycerol it yields 
on saponification, the proportion of “ boiled oil ” can be approximately 
arrived at. Tho separation of the gums from the boiled oil cannot always 
be carried out satisfactorily in the manner in which rosin acids are 
separated from fatty acids (see Vol. I. Chap. X.), as many of the gum- 
resins are incompletely soluble in absolute alcohol, and others which 
are soluble give a heavy precipitate on treatment with hydrochloric 
acid gas. Hence an attempt made by the author to differentiate 
between gum-resins and colophony (which is used as an adulterant in 
cheap varnishes) ended in failure, as some of the results reproduced in 
the following table indicate : — 



Bolublo in 
Absolute Alcohol. 

Gum-Resin 
recovered by 
Twitchell’B Process. 

Copal I. 

Per cenL. 

Per cent. 

93 

84 

„ II. 

55 

29-9 

Mastic .... 

84-4 

35-5 


The characteristics of gum-resins— such as acid value, saponification 
value, etc. — do not lead to decisive information, for it must be borne 
in mind that the gums ar e heated to about 300° 0., so that their chemical 
composition becomes entirely changed. Lewkowitsch 1 examined a 
number of gum-resins used in the manufacture of varnishes botli in 
their or iginal state and after heating to 300° C. The numbers, given in 
the following table, may serve as a guide in the analysis of varnishes : — 

1 Analyst , 1901, 37 ; cp. also Wor.st.all, Jo am, Amer. Cheni. & bc. t 1903, 860; 
Coffignier. Ball. Sue. C/iiui., 1906 (35), 762. 
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Stewart 1 states that dammar may be detected in kauri by first ex- 
tracting the gum with alcohol followed by the extraction of the insoluble 
residue with, chloroform. He states that kauri gives no matter which 
is insoluble in alcohol and soluble in chloroform, whereas in the sample 
of dammar he examined the chloroform extract amounted to 364 per 
cent. Too much reliance must not, however, be placed on this, for, as 
Parry 2 shows, the statement is only true for the finest and whitest 
quality of kauri, the darker coloured samples giving totally different 
solubilities. 

The following table due to Pur an Singh 3 is reproduced here : — 


j Shellac from Kusum lac 
; Shellac from Palaslac . 
Shellao from Block lac . : 
Mirzapur Factory Shellac | 
Lac wax (m.p. 58°-59° C. I 
; Lac resin (desiccator dry) j 
i Lac resin (melted) . 


Moisture Matter 
(expelled ; insoluble ; 
at 100° lu hot ■ 
C.). ; Alcohol. i 

i 

Per cent, j Per cent. ' 

2- 7 0-7 i 

3- 8 0-8 


3-9 i 1-1 
2-0 ! 0-0 




Iodine 

Acid 

Saponifica- 

absorption 

number j 
(A). 

tion number 
(11). 

, (11 iibl) after 
18 Hours’ 

i Action. 



Per cent. 

61*1 

201-0 

9-6 

(50-8 

202-4 

9-3 

63*1 

201-6 

8-2 

(544 

203-0 

8-6 

22*1-24-3 

i 79-2-85-0 

8-8 

52*1-59*2 

! 193-5-1 984 

6*8-73 

64-9 

i 190-0 

1 5-9 


Mcllhiney separates the products obtained after saponification of 
the non-volatile portion of the varnish into three fractions : (1 ) “ Hard 
gum ” insoluble in petroleum ether and in dilute alcohol, (2) fatty acids 
soluble in petroleum ether (this fraction will contain any rosin acids 
which may have been added in the form of colophony), and (3) an 
aqueous layer containing the glycerin resulting from the saponification 
of the oil. It must, however, he borne in mind that this method can 
only lead to approximate results, for, in the first instance, the oxidised 
acids formed during the boiling of the oil will remain in the fraction 
insoluble in petroleum ether, i.e. in the k * hard gum.” Errors will also 
be due to tho different behaviour of the great variety of gums used for 
varnish making. The properties of these gums are too little known to 
allow of any great reliance being placed on methods based on the 
solubilities in various solvents. The method, however, will furnish 
some assistance in the examination of varnishes. 

Mcllhiney 4 operates as follows 2-10 grins, of substance are 
saponified with a measured quantity of half- normal caustic potash. 
The major portion of the solvent is then distilled off and t^o residue 
dissolved in neutral absolute alcohol. By titrating back with a standard 
solution of acetic acid in absolute alcohol, the saponification value is 
found. The fatty and rosin acids are liberated by the addition of the 
exact amount of alcoholic acetic acid, and an amount of petroleum ether 
is added sufficient to dissolve the fatty acids. Water is now added 


1 Juicni. Sm'. Chan. Ind., 1909, 3.70. 

' l Oil and Colour Trades Jovrn. t 1909, 17(55. 

3 Journ. Sue. Cham. ind. } 1910, 1435 ; cp. also Wolll, Chan. Revue , 1914, 159. 

•* Pruc. Amer, Ohm. Soe., 1908, vol. viii. 590. 
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carefully until separation occurs ; the petroleum ether layer is poured 
off, washed with water and distilled. The residue after weighing may 
be resolved into fatty and rosin acids by the method given in Ohap. 
VIII. The residue " hard gum ” is washed with petroleum ether and 
dilute alcohol and weighed. It may be possible to separate this or to 
remove the oxidised acids by means of 85 per cent alcohol. 

The amount of oxygen absorbed bv the different gum-resins appears 
to be approximately the same. This may be gathered from the numbers 
given in the following table : — 


Oxygen Absorptions of Varnish Oils (Luivivilsch) 



Increase in weight, of the Varnish Oils kept 


under a hell jar, protected Ironi dust, hut, 

Varnish Oil prepared from 

with free access nf air. 


Alter days. 

Per cenl. 

Saudarac .... 

m 

7-56 

Mogador .... 

1552 

7 -68 

Copal No. 1 

Copal No. 2 

351 

347 

671 

6* 57 

W. 0. Rosin 

351 

7-37 

Mastic 

347 

677 

Animi 

347 

8-19 

Cowrie .... 

346 

675 

iSaiidarae, Australian 

346 

7-87 

Amber .... 


7-08 




' 


It should, however, he pointed out that these numbers must be 
used with the greatest e iron inspect ion. 

The detection of colophony, which in highly priced varnishes must 
be looked upon as an adulterant, is not always possible by chemical 
means ; at any rate its <|uantitative determination, it it, be present in 
admixture with gum-resins, must be considered as impossible m the 
present state of our knowledge. 1 The indications furnished by the 
colour reactions obtained with Hdpkn'* reagent 2 must lie accepted 

with reserve. v , . f a 

A series of practical examinations (by Vryer) of a number of boiled 
oils, varnish oils, and rosin oils, as regards their drying power, is given 
in Table No. 38 of the Laboratory Companion, to Fats and (ids Industries. 

The examination of the ash will indicate what metal or metals have 
been used as driers. Considerable quantities of lnne in the ash point 
to the addition of calcium rosinate (Cerrnan Harzhdk ), which is fre- 
quently used in excessive quantities to give the dried coat of varnish a 
fictitious hardness and gloss. This gloss disappears somewhat rapidly 


1 The method suggested by A. II. Gill Amcr Chm Sw. , 190* 1728) nmt 

he accepted with the greatest reserve. C P . Mclllnney. CVm. h,uj^ 1J08, <0. 

2 Hicks, Journ. hid. Eng. Chem., 1911, 86. 
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on exposure to moisture, with formation of white spots, caused by the 
decomposition of the rosinato into rosin acid and lime . 1 The chemical 
examination must be supplemented by practical tests. 

• The most useful results are obtained by painting the varnish on the 
special material (wood, iron) on which it is to be applied ultimately. 

Physical tests are of minor importance. The determination of the 
viscosity of varnishes has been proposed by Valenla. Laurie and Baily 2 
suggest the determination of the hardness by means of a special ap- 
paratus , 3 in which a smooth hard plate, coated with the varnish to be 
tested, is drawn across a polished blunt point which is pressed against 
the plate with a known force. 

Since these tests are not capable of superseding the usual “ practical ” 
tests, the reader must be referred to the original papers . 4 , 

The practical examination of varnish for suitability and drying 
power is carried out in a similar fashion to that described above for 
boiled oils. The influence of the atmosphere (moisture, light, etc.) 
can only be observed by practically testing the varnishes as delivered 
to the trade, or after mixing them with pigments (see “ Enamels ”). 5 


Enamels— Enamel Paints 

French — Peintures email, hques a Vhuile. German — Ollacke, 
Emaillefarhen. 

“ Enamels ” or enamel paints is a trade term given to mixtures of 
varnishes with pigments (such as zinc oxide, lead oxide, iron oxide, 
etc.). The name is due to the property of these preparations to dry 
with the production of a skin having an enamel-like gloss. The pro- 
tection afforded by enamels is very much greater than that given by 
the corresponding paints containing no gum-resin. 

The manufacturing process is similar to that for paints. The well- 
settled varnish oils are thoroughly ground up with finely levigated 
pigments until a homogeneous mass free from grit is obtained. Finally 
the mass is thinned with oil of turpentine. The finished product is 
carefully preserved from contact with air, so that, no premature forma- 
tion of a skin on the surface of the varnish may take place. 

Black enamels of good quality are prepared with the aid of asphaltum 
without using a black pigment (charcoal), as the drying is greatly 
retarded by the presence of the latter. 

For the chemical examination of enamel paints the methods de- 
scribed for the examination of paints and of varnishes must be combined. 

1 Cp. Cliem. Rente, 1903, 12. r ». 

- Joum. Royal Scottish Soc. of Arts, 1906 (xvii.), 101. 

:J English patent 3486, 1906. 

4 Muckeufuss, Joum. Inti. ting. (Jhem., 1913, No. 7. 

6 Cp. also dim. Revue , 1908, 119. 
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V.— OXIDISED OILS 

French Huiles oryileex. German —Oxydierle Ole, 

Italian- — 01 1 1 ossidali. 

Lmder the term oxidised oils ’ is comprised all those oils which 
have absorbed oxygen by exposure to the atmosphere, or have been 
oxidised artificially by heating ( a blowing ') in a current of air, oxygen 
gas, or ozone. 

From the explanations given in Vol. 1 . Ohap. VII., if will be gal herod 
that only the semi-drying oils and drying oils lend themselves to (lie 
manufacture of oxidised oils, although all oils and fats, if blown with 
oxygen at an elevated temperature, become oxidised with formation of 
volatile acids and “ oxidised ” acids. This has been shown by the 
author to occur even in the case of u premier jus.” 1 The behaviour of 
blubber oils and liquid waxes is similar to that of the semi-drying oils. 
It is convenient to divide the oxidised oils into two classes, namely, 
those obtained from semi-drying vegetable oils, blubber oils, and liquid 
waxes, on the one hand, and those obtained from drying oils, on the 
other. 


(1) Oxidised Oils from Kemt-drying Vegetable Oils. 
Blubber Oils, and Ltqijtd Waxes, Blown Oils 


These oxidised oils (termed commercially “ blown oils,” a base 
oils,” “ thickened oils,” “ soluble castor oils ” ; French Huiles souf/hrs ; 
German Geblttseite Ole) are prepared by heating vegetable semi-drying 
oils, blubber oils, or liquid waxes, in a current of air to a somewhat 
elevated temperature. 2 The vegetable oils, blubber oils, or liquid 
waxes are placed in a jacketed pan or cylindrical vessel, provided with 
a steam coil and stirring arrangement (somewhat similar to the apparatus 
shown in Fig. 8), so that the oil is agitated whilst the air is blown 
through it ; the object of the agitation and spraying by the air current 
is to produce as complete a contact as is possible of the oil with air. 
Whilst air is blown through the oils, steam is sent through the coil so as 
to bring the temperature up to 70° 0. or more, in some eases even to 
110-115° C. The agitation and blowing is continued until the desired 
speeilic gravity is reached. During the blowing some volatile fatly 
acids escape, as also some insoluble acids, which are carried away 
mechanically by the current of air. In some eases the temperature 
rises beyond that of the steam used for heating, so that it is frequent l\ 
required to cool the “ blown ” oil by passing cold water through the 
jacket of the pan or tho coil of the vessel, as the case may be. 


1 Analyst, 1899, 322. Cp. Table 36 of Labour a tUmpmum to Fats and Oils 
Industries. Cp. also Blown Lard Oil, Vol. II. Cliap. XIV . under Lard Oil. 

2 English patent 13,519, 1911, Market and Croslield ; cp. also de Hem pti line, German 
patent 236,294 ; Mitsclierlieh and riprenger, German patent 263, 0 j6. 
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In consequence of this treatment the oils increase in density and 
in viscosity. They approach in these respects castor oil, but differ 
from it in that they are miscible with mineral oils in all proportions ; 
•hence the commercial term “ soluble castor oil 55 has been given to them. 
They further differ from castor oil by their sparing solubility in alcohol. 

The most prominent chemical change the oils undergo through 
“ blowing ” may be gathered from the following tables. Therein are 
collated a number of observations on oils which have been oxidised on 
a laboratory scale, together with the corresponding numbers of the 
original oils from which they have been prepared. (Cp. also the tables 
given in Vol. II. Chap. XIV. under the headings of the individual oils 
and liquid waxes.) 

For oxidised oils prepared in the Laboratory, see table facing this 
page. 


[Table 





Oxidised Cotton Seed Oil (Letefcowitsch) 
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1 In the table facing this page the results of the analyses of some 
commercial “ blown ” oils are recorded. 

• It will be noticed that a considerable amount of lower fatty acids 
has been formed, as is indicated by the high saponification value and 
the Reichert-Me.ml value. The amount of oxidised acids formed 
having been determined in a few cases only, it seemed important to 
ascertain whether the oxidised acids form a characteristic constituent 
of the blown oils. With this object in view, the author carried out an 
examination of several typical commercial blown oils, namely, blown 
ravison oil, blown East India rape oil, blown cotton seed oil, and blown 
maize oil. The results of the investigation are given in the four following 
tables (pp. 173 and 174) : x — 


Cp. Analyst , 1902, CSX 


[Table 





Characteristics of “ mown " uus {juetu/uru. 
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The characteristics of the blown oils themselves are recorded in table 
A. On washing the acetvlated oils with water, emulsions were formed, 
but the separation of the acetvlated oil from the water caused no 
difficulty. The blown ravison oil gave the most persistent emulsion. 
The characteristics of the mixed falhj acids are given in table 11. The * 
oxidised acids (table C) were, separated from the mixed fat tv acids in 
the manner described, Vol. 1. Chap. VIII. The saponification, values 
of the oxidised acids are considerably higher than their ueutialisation 
values ; this proves that laotonic substances are present. ( )n separating 
the lactones from the fatty acids in the maimer described (Vol. I. 
Chap. VIII.), the supposed, lactones were obtained as thick, viscous 
liquids, soluble in alcohol. 1 The fatty acids recovered from the soap 
solution were again found to contain notable quantities of lactones, 
apparently formed on liberating the acids from their soap solution. 
The lactones were again separated otf in the same manner, and the soap 
solutions decomposed with mineral acid ; the liberated fattv acids were 
again found to contain lactones. The comparatively high iodine, values 
of the oxidised acids point to a considerable amount, of unsat urute.il 
fatty acids. (Since the oxidised acids arc practically insoluble in carbon 
tetrachloride, the determination of the iodine value was carried out in 
alcoholic solution. The error introduced thereby cannot, have been a 
considerable one ; for whilst the blank test with carbon tetrachloride 
.required 50*(i r.c. of thio-sulphate, the alcoholic solution took 50*00 c.c.) 
Unlike the oxy-fatty acids of liver oils, those of cotton seed oil are 
completely soluble in ether. (Contrary to expectation the oxidised 
acids contained also notable amounts of soluble fatty acids. The 
explanation which suggested itself, namely, that these soluble acids were 
formed by treatment of the oxidised acids with alcoholic potash, was 
not borne out, by experiments, as the oxidised acids which had not. been 
treated with alcoholic potash lost, on washing with water, considerable, 
amounts of soluble fatty acids. 

‘ The characteristics -of the fatty acids freed from oxidised acids by 
petroleum ether are detailed in table 1>. Their acetyl values are still 
considerable. It lias not been ascertained yet. whether this is due to the 
presence of hydroxylated acids soluble in petroleum ether. These acids 
also contain lactones (although their amount does not exceed I to 6 per 
cent), as well as small amounts of soluble acids. 

These results show that the oxidised oils consist of a complicated 
mixture of acids. The, nature of these acids is being investigated by 
the editor. Since the blown oils yield practically the full amount of 
glycerol it would appear necessary to study in the first instance the 
influence of “ blowing ” on the individual unsaturated fatty acids- - 
oleic, erucic, linolic. Hitherto oleic acid only has been examined, with 

the result tabulated (Vol. I. Ohap. \ III.). . 

foregoing tables, taken in 
sts as will readily suggest, 
of the sections “ Cotton 
Mi question can be easily 

1 Cp. Analyst, 1902, 144. 


With the aid of the numbers given m t,ne 
conjunction with such other characteristic. t< 
themselves to the analyst from the ]>erusa 
Seed Oil ” and “ ttape Oil ” m Vol. IT., tl 
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solved, if required, as to whether a blown oil has been prepared from 
rape oil or cotton seed oil. 

In the examination of the oils it is advisable to determine the acetyl 
values of both the original oil and of its insoluble fatty acids. 

The problem becomes more difficult if it be required to determine 
in a commercial lubricating oil the respective proportions of blown 
rape oil and blown cotton seed oil. A method based on the different 
amounts of ether-insoluble lead salts yielded by blown rape oil and 
blown cotton seed oil respectively (Vol. IT. Chap. XIV.) is not likely 
to lead to satisfactory results, although a high iodine value of the fatty 
acids derived from the ether-insoluble lead salts would point to the 
presence of erucic acid and inferentially of rape oil. More information- 
would be derived by ascertaining the melting points of the fatty acids, 
such as are described in table D of page 174, and perhaps by passing 
these acids through the lead-salt-ether method. Mammon 1 is of the 
opinion that the different behaviour to petroleum ether of the fatty 
acids recovered from the ether-insoluble lead salts of the blown oils may 
furnish some. clue. His numbers are set out in the following table 



Fatty Acids obtained from Lead Salts, insoluble 
in Ether. 

Kind of Oil. 

Total Amount. 

Acids soluble in 
Petroleum Ether. 

Acids insoluble 
in Petroleum 
Ether. 


Per cent. 2 

Per cent.- 

Per cent. 2 

Commercial blown rape oil 

1*2 

1*2 

o-o 

14-5 

5 *7 

8‘8 

Blown rape oil prepared in the 



1 11*9 

laboratory .... 

20*6 

87 

Commercial blown cotton seed oil 

32'9 

23-3 

9(5 

Blown cotton seed oil prepared 




in the laboratory . 

45*8 

32-5 

13-3 


The blown oils prepared from maize, cotton seed, rape, jamba, 
ravison oils, and to some extent also those obtained from seal and 
sperm oils, find technical application as lubricating oils in admixture 
with other oils. They are said to be useful for lubricating purposes 
on account of their high specific gravities and viscosities. Opinions 
differ, however, as to their suitability, objection being taken to them 
on account of their liability to “ gum ” and their low flash points. 
Nevertheless, the blown oils are extensiyely used in admixture with 
mineral oils and even with rosin oils. 3 The so-called u marine oils ” 
used to contain considerable proportions of blown oils. 

The longer fatty oils are u blown,” the less becomes their miscibility 

1 Mitt. K. Mater. •Pi'i'fmitjua mt, 1905 (23), 47 ; ibid., 1911 (29), 50. 

- The percentages refer to the weight of oil used lor the preparation of the lead salts. 

3 The employment of blown oils for the manufacture of putty is claimed by Horn 
(German patent 154,220). The application of oxidised oils in the production of solid 
fuel (for binding coal dust) is claimed by K. Middleton (English patent 347, 1905). 
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with petroleum hydrocarbons. Jenkins 1 pointed out that the blown 
oils are least soluble in American petroleum hydrocarbons, more 
soluble in shale hydrocarbons, and comparatively easily soluble in the 
hydrocarbons from Russian petroleum. Greater still is their solubility % 
in Borneo oils. * 

It may perhaps be possible to be.se a method of differentiation the 
various hydrocarbons on their different- behaviour with oxidised oils. 

The blown oils obtained from fish, liver, and blubber oils were 
hitherto almost exclusively prepared for, and used in, the leather 
industries. These oils will, therefore, more suitably be described under 
the heading of “ Sod Oil ” and “ Degras " ((’hap. XVI.). At present, 
however, blown fish and blubber oils are admixed to mineral oils. The 
admixture of lubricating oils is practised to a notable extent. 


(2) Oxidtsed Oils fuom Veoetaule Drvlnhj Oils 

If vegetable drying oils are exposed to the atmosphere, or to a 
current of air, at a somewhat elevated temperature, the formation of 
oxidised acids proceeds much more rapidly than in the. case, of semi- 
drying oils. 

Extensive, use is made of this property in the application of paints 
and varnishes. The vegetable oil- -chiefly linseed oil 2 -- finally dries 
to a solid mass, which forms a coherent, coat on the surface of the object 
to which a paint or varnish has been applied. 

The drying oils absorb also ozone . 3 readily with the formation of 
“ ozonides.” It is doubtful whether the “ ozonides ” are stable at. the 
temperatures at which ozonised oils are prepared. At any rate, the 
“ ozonised oils ” (see p. Ul) prepared by blowing at. an elevated tem- 
perature with ozonised air seem to differ from oxidised oils. 

The theories which have been propounded hitherto to explain the 
u drying ” can only be referred to here briefly, inasmuch as they do 
not yet furnish a completely satisfactory explanation. 

The chemical change which takes place when a vegetable oil “ dries ” 
to a solid elastic skin, is but very imperfectly understood. The final 
product appears, however, to be the same, whether raw linseed oil be 
allowed to absorb oxygen from the atmosphere slowly, whether the 
“ drying ” he accelerated by previously converting the oil into “ boiled ” 
oil, or if the law linseed oil be treated in a current of oxygen or ozone 
at 'a somewhat elevated temperature, after having been intermixed 
with driers. Mulders opinion that in the first stage the glyceridic 
constituted of the oil is oxidised and that the liberated fatty acids take 
up oxygen and are converted into the anhydride of “ hydroxylinoleic ” 
acid (?;.<?. the anhydride of hydroxylated linseed oil fatty acids), a neutral 

1 Cu. Analyst, 1902, 145. 

2 With regard to tung oil, cp. Kronstein, English patent 1386, 1901. 

(Jp. Chan. Zeit., 1891, 672. 

VOL. Ill 


N 
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substance, insoluble in ether, termed by him “ linoxyn,” must be 
rejected as erroneous, for this view postulates that hydrolysis of the 
glycerides precedes oxidation. It has been pointed out already that the 
solid skin is not formed when the mixed fatty acids are exposed to the 
atmosphere. Moreover, Bauer and Hazura 1 have shown that at any 
rate in the first stage of oxidation the glyeeridic constituent of the 
linseed oil remains intact, and that the oil is converted by exposure in 
thin layers into a substance simulating in its properties Mulder's 
“ linoxyn,” but still representing a glyceride. This substance was 
assumed by Bauer and Hazura to be hydroxylinolein (t.e. a mixture of 
hydroxylinolin and hydroxylinolenin). 

Fahrion 2 applied Engler and Wemberg' $ 3 autoxidation theory to 
this problem, and in the light of this theory he regards the linseed oil 
as an u acceptor," and the driers, especially lead and manganese, which 
are readily converted into peroxides, as autoxidisers or eatalysers. He 
further argues that some facts seem to show that the drying process 
may also be considered as a molecular autoxycatalysis, and driers can 
then only be looked upon as pseud o-catalysers (pse udo-auto x id isers ) , 
they causing the addition of hydroxyl groups, and leading to the forma- 
tion of a secondary autoxidiser. The latter in its turn would take up 
oxygen in its molecular form, and become converted into a hydro- 
peroxide, which finally is decomposed by water into the hydroxide of a 
metal and hydrogen peroxide. 

The phenomena occurring whilst a paint which lias been thinned 
with turpentine or an ordinary varnish dries can be easily summarised 
under this theory. Oil of turpentine absorbs oxygen from the air (this 
phenomenon is termed “ autoxidation ”), and, judging from the iodine 
value, oil of turpentine should be able to absorb two molecules of oxygen. 
Whether these are present in the form of oxygen or of ozone, or partly 
as oxygen and ozone, does not appear settled yet. The oxygen “ activ- 
ated ” bv the oil of turpentine (and contained in old oil of turpentine 
to a considerable extent) is, according to Engler and Wemberg, neither 
ozone nor atomistic oxygen, nor (as stated by Kingzetl 1 2 * 4 ) hydrogen 
peroxide. The oxygen is said to have been taken up in molecular form, 
with the formation of a peroxide, which, by intramolecular rearrange- 
ment, is either changed to an ordinary oxide or disappears owing to its 
having oxidised some of the as yet unchanged molecules of the oil. 

If the views of Engler and Wemberg are accepted, then the well- 
known fact that turpentine absorbs ozone rapidly would have to be 
looked upon as an entirely different reaction, and the question whether 
oil of turpentine absorbs oxygen from the air, or is able to “ activate ” 
it into ozone, would, in the author's opinion, have to be decided ulti- 
mately by isolating the oxidation products obtained in either case. 

1 Monatsh. f. Chem., 1888 (9), 459 ; Zeits. f. angew. Chem., 1888, 455. 

2 Chem. Zeit., 1904, 1196. 

Krilische Studien iiher die Vorgilnge <(er Autoxydation, .Braunschweig, 1904. Cp. 
also Fokin, Junrn. Russ. Rhys. Chem. Sac., 1 907, 609 ; 1908, 276 ; Zeits. f. angew. Chem., 
1909,1451 ; 1492. 

4 Jour a . Chem. Hoc., 1874, 511 ; 1875, 210; cp. also Kingzett and Woodcock, 
Jotirn. i Noe. Chem. Ind., 1912, 265. 
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An important step in this direct ion has hmi made by Hurries and 
Neresheimer , l who have shown that on passing ozonised air through oil 
of turpentine 10-20 per cent of a solid pi none ozonide (“ pinene per- 
ozonide ”) and 90-HO per cent of a liquid pinene-ozonide are obtained. 
The solid pinene ozonide does not appear to have a constant composition, • 
but to correspond to a mixture of and of D 10 ll 16 (> ;{ . 

The main product of the reaction is optically active, and has the 
formula C J0 II 16 O 3 . (Perhaps further investigations may enable us to 
isolate also the “ peroxides " of oil of turpentine.) 

In the light of Enykr and Wcisshmfs theory, oil of turpentine, when 
absorbing oxygen from the air (“ autoxidation “), would act as an 
“acceptor.” Oil of turpentine is capable of absorbing dry oxygen; 
hence the process can take place in the absence of moisture. If the 
autoxidation of the, oil of turpentine occurs in the, presence of water, 
the latter reacts subsequently on the peroxide (which is assumed to have 
been formed) with the formation of an oxidation product and of hydrogen 
'peroxide. As may be expected, paints thinned with petroleum hydro* 
carbons exhibit inferior drying properties. 2 

In the presence of oxidisable substances, such as linseed oil m paints, 
or linseed oil and gum-resins in varnishes, oil of t urpentine would appear 
to act. as a pseudo-autoxidiser (pseudo-catalyser), it being taken as 
granted that linseed oil itself does not appear to behave as an auto- 
acceptor, since raw linseed oil does not contain peroxides. 

Experimental data favouring Enyler and Wnssbery s view have been 
furnished by (Jenflie? In an elaborate physico-chemical study of the 
drying of linseed oil he has shown by a series of experiments that the 
drying process would appear to represent a special case of auto-catalysis, 
inasmuch as his results correspond, approximately, to numbers obtained 
by means of tin* equation dxjdl k(ni \ x) (a — x) (the equation pro- 
pounded by Oslwald) lor auto-cat aly tie, reactions). I ho substance 
which acts as the auto-catalyst could, however, not be isolated, and the 
assumption is made that it has the character of a peroxide, the so- 
called “blown boiled oils” would therefore be linseed oils, in which 
peroxides are pro-formed, and the accelerating action which old oil of 
turpentine possesses would be due to the high percent'ige of peroxide. 
(It must, however, not be overlooked that the peroxide has not yet- 
been isolated, and that hydrogen peroxide does not accelerate catalytic- 
ally the process of drying, as (ienthe himself has shown. 4 ) The “ driers ” 
would thus have to be considered as pseudo-catalysts, their function 
beiim to accelerate the drying process by assisting in the formation of 
the auto-catalysers (“ peroxides ”). Orloff 5 gives experimental data 
agreeing in the main with Genthe s tlicor) . 

In this connection it may be pointed out that Genthe patented 
a process which purports to pre-form “peroxides” in linseed oil by 
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exposing it to ultra-violet light (“Uviol light”), or by oxidising linseed 
oil electrolytieally with the aid of lead electrodes. 1 

Ostwald and OstuM 2 claim to be able to regulate the process of 
autoxidation of linoleum, rubber, etc., in such a manner as to prevent 
the degradation of the finished article, by the addition of a neutral or 
basic aromatic compound containing nitrogen. 

Genthe states that at the same time as oxidation takes place poly- 
merisation occurs, as is ascertained by the determination of molecular 
weights. 3 It would appear, however, to the author 4 that this must 
not be accepted as proven, since at the temperature to which the oil 
was heated, viz. 135° C., polymerisation of linseed oil does take place, 
independently of oxidation ; and it must further be pointed out that 
Genthe has not shown experimentally that polymerisation occurs at the 
ordinary temperature, at which, as is well known, oxidation proceeds at 
a very distinct although slow rate. 5 

Fahrion has shown that when boiled oils dry, part of the fatty acids 
is converted into a class of acids for which the author suggested the name 
“ oxidised ” acids. These oxidised acids are formed to a moderate 
extent only during the process of “boiling” linseed oil (cp. p. 141). 
On spreading three boiled oils (of the iodine values 101*3, 77*3, 337, 
and containing 0-5, 4*1, 7-6 per cent of oxidised acids respectively) in a 
thin film on a glass plate, and exposing the oils to the air for ten days 
at a somewhat higher temperature than the ordinary, Fahrion found 
that the proportions of oxidised acids had increased to 30*6, 20*8, and 
16*4 per cent respectively. 

It appears likely that in the first instance the Jinolenic acids are 
attacked, and that the linolie acid only plays a subordinate part ; 
otherwise maize and cotton seed oils would exhibit better drying powers 
than they actually possess. 

With a view to investigating the changes which take place when 
linseed oil dries, the author treated linseed oil at 120° C. with air for a 
varying number of hours, or, in other words, prepared “ blown ” linseed 
oils. The results obtained on examining the products arc set out in the 
following table : — 


1 The formation of ozone by ultra-violet light has been proved by Lenard, Ann. d. 
Physilc , 1900 (1), 486 ; cp. F. Fischer, Berichte, 1909, 2228 ; E. v. Aubel, Com />/. rend., 
1909 (149) 983. 

2 English patent 10,361, 1910. 

3 Cp. G. Borries, BeUriU/e zur Kaintnis den Tmdnens run (den, Inaug. Dissert., 
Zwickau, 1902. 

* Jahrbuch d. Chan., 1906 (xvi.), 407. 

5 For some objections raised by Fokin against Genthe’s views see /cits. f. uwjem, 
Chem ., 1909, 1453. 


[Table 
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If the oxidation of linseed oil is carried further; until the oil. has 
taken up the maximum amount of oxygen, a flexible solid mass is 
obtained, termed “ solidified (linseed) oil,” “ solid linseed oil,” “ oxidised 
linseed oil ” (“ linoxyn ”). 

By heating “ linoxyn ” with methyl- and ethylalcohol dark coloured 
solutions are obtained, owing to decomposition of the “ linoxyn.” 
Amylalcohol and amylaeetate dissolve “ linoxyn ” at the ordinary 
temperature after standing for some prolonged time. The mass swells 
up at first with complete absorption of the solvent ; in course of time 
the mass liquefies, and after about a year a clear transparent solution 
is obtained. From this solution the original “ linoxyn ” can be re- 
covered by spontaneous evaporation of the solvent. Berlaimont 1 claims 
to prepare varnishes by dissolving “ linoxyn ” and oleo-msins (without 
previous “ running ”) in amylalcohol and amylaeetate. 

Leeds examined two oxidised oils which were obtained by treating 
linseed oil with oxygen in a jacketed pan. They are contrasted in the 
following table with a sample of completely dried oil obtained from a 
raw linseed oil exposed in a flat dish to a moderate current of air at 
15° C. for about five weeks, the skin formed being daily broken up and 
intermixed with the bulk. This dried linseed oil had a jelly-like con- 
sistence, lumps of comparatively hard material and skin alternating 
with a small quantity of oil, of the consistence of “ middle ” varnish : — 


Oxidised Linseed Oil prepared by Treatment with Oxygen 


Oils. 

Specific 
Gravity 
at 16' C. 

Free Acid 
calculated as 
Oleic Acid. 

Saponifica- 
tion Value. 
M grins. 
IvOLi. 

Un saponi- 
fiable 
Matter. 

Oxidised 

Acids. 

Iodine 

Value. 

Oxidised oil, weak 

1*03 

Per cent. 
18-28*4 , 

221 

1'er cent. 

0*89 

Per cent. 
42*82 

' 

58*8 

„ „ strong 

1*05 

18*49-28 V 

223-5 

0-97 

44*19 

53*5 

Dried linseed oil . 


12*67 

171*6 

0*81 

31*58 

93*9 


Mixed Fatty Acids. 

Melting 

Point. 

Solidifying 

Point. 

Mean 

Combining 

Weight. 

Saponifica- 
tion Value. 

Iodine Value. 


•c. 

“O. 




Oxidised oil, weak . 

28 

26 

241 *4 

232*4 

63*2 

„ „ strong . 

Dried linseed oil 

27 

25 

242*5 

231*3 

60*6 

26 

22 

268*8 

208*7 

100*3 


1 German patent 233,335. 

1 The first of these figures was found when the pink colour of the phenolphthalein 
remained after a vigorous shaking ; hut it disappeared after a short time, and more alkali 
was run in until the pink colour remained constant for two or three minutes ; thus the 
second figure was obtained (cp., however, Journ. Nor.. Chan. Ind ., 1890, 847). 
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The fact that oxidised linseed oil absorbs considerable amounts of 
oxygen during “ blowing ” is brought out by the following elementary 
analyses due to Williams : 1 — 



The solid oil is notable for its high amount of oxidised acids . 3 A 
few characteristics of the oxidised acids prepared front solidified linseed 
oil have been given above (Vol. l.Oltap. VIII.). . in tbo follow ",f- able, 
are collated the results obtained in the examination ol a solidified 

oil: 3 - 


1 Analyst, 181)8, 2f»3. 

- Fuln'ioii, Zrit*. /'. Chew., 1910, 110/. 

Ijttwko wit. sell, A iiiilifsl , 1902, 1 10. 


[Tablj 
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Characteristics of Solid Linseed Oil (Linoleum Mass) and its Acids 
( Lewkowitsch ) 




Solid Oil. 

Total 

Fatty 

Acids. 

Oxidised 

Acids. 

Fatty 
Adds 
freed from 
Oxidised 
Acids. 

I. 

Neutralisation valuo . 


209*63 


179*97 

II. 

Saponification value . 

287*47 

218*74 


187*58 

III. 

II. -I 


39*11 


7*61 

IV. 

Iodine valuo 

52 *2 1 

60*27 

46*49 

61*3l' 

V. 

Total soluble acids, per grin, 
of substance, mgms. K.OII 

136*9 

59*57 

59*68 

18*89 

VI. 

Unsaponiiiable, per cent 

1*33 




VII. 

Oxidised acids, per cent . 

53*01 




VIII. 

Insoluble acids + unsaponi- 
fiablc, per cent. 

53*92 

81*32 



IX. 

Apparent acetyl value 


115*01 

164*67 

50*25 

X. 

Truo acetyl valuo 


55*01 

104*99 

31*36 

XI. 

Saponification value of the 
acetylated product. 

367*75 

304*24 

341*43 

246*11 

XII. 

Insoluble acids alter acetyl- 
ation, per cent. 


84*4 

76*38 

96*05 

XIII. 

XI. -11 

... 

55*5 

86*29 

58*53 


Further investigation is required to elucidate the changes which 
linseed oil undergoes whilst being converted into solid oil. 

The following figures are given by Fritz and Zymandl : 3 — 


1 This was determined in glacial acetic acid, for although a highly oxidised linseed 
oil is not completely soluble in this solvent, it disintegrates, and this solvent is to be 
preferred to chloroform or carbon tetrachloride. Cp. aiso Meister, Chan. Items, 1910. 
260. 

2 These acids were soluble in petroletlier and their lead salts were soluble in ether. 
The acids could be resolved by means of the lead-salt-cther method into solid acids — 
iodine value 6*8 ; liquid acids — iodine value, 105*3. These liquid acids contained, 
according to Fahrion, only traces of linolenic acid and would, according to a calculation 
from the iodine value, consist of about 20 per cent linolie and 80 per cent oleic acid. 

Chein. Revue , 1914, 21. 
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Solidified oil is heavier than water ; it is practically insoluble in 
ether, chloroform, and carbon bisulphide. On a large scale this sub- 
stance is prepared by three methods. The first consists in allowing 
linseed oil (previously “ boiled ” with a drier in order to accelerate the 
* oxygen absorption) to run over “ scrim,” a light cotton fabric hanging 
down from the ceiling of a high building, the temperature of which is 
kept at about 100° F. A portion of oil solidifies on the fabric ; the 
oil which drains otf is again pumped up and allowed to run down until 
the layers of the semi-solid mass have reached (after several weeks) the 
thickness of about half an inch. This process is termed the “ scrim 
process ” ; the solidified oil obtained by this method is termed “ scrim 
oil.” 1 This scrim oil represents a colloidal solution. 

The second method consists in passing a current of oxygen gas 
through linseed oil intermixed with a drier and heated by steam in 
jacketed pans. 2 When the maximum amount of oxygen has been 
absorbed, the mass forms a thick viscous fluid, which will still flow 
whilst hot, but on cooling solidifies to a substance similar to the “ scrim 
oil.” During the “ blowing ” partial hydrolysis and oxidation of the 
glycerol formed takes place, as notable quantities of acrolein vapours 
escape. The semi-solid oil so obtained has not the same elastic pro- 
perties which the “ scrim oil ” possesses. This is no doubt due to the 
fact that in the scrim oil the destruction of glycerol is much smaller, 
and the oxidation does not proceed so far as to form “ super-oxidised 
oil ” (see below). Whether these two kinds of solid oil are identical 
in their composition, and furthermore, whether they are identical with 
the elastic skin obtained when boiled oil M dries, has not yet been 
ascertained. 

Both processes were invented by F. Walton (in 1860 and 1863). 

in another process, known as the Taylor-Parmcott method, the 
linseed oil is thickened at a high temperature in a current of air. This 
process requires only a few hours, and would seem to be in the main a 
polymerisation process. The oil is converted into an elastic, dark, 
rubber-like mass, and is used (like the two kinds of oxidised oils obtained 
by Walton's processes) for the manufacture of “ corticine.” The 
Taylor- Parnacott process, invented in 1871, proved for some time a 
competitor to the Walton processes. Solidified oil obtained by this 
process is lacking in tenacity and is also deficient in covering power, 
for, whereas solidified oil prepared by the two preceding methods need 
only form 30 per cent of the linoleum, cement prepared by the Taylor- 
Parnacolt process will take up very little more than its own weight of *■ 
filling materials. It is, however, suitable for the manufacture of “ cork 
carpets ” which consist (If the cement mixed with coarse cork and very 
little pigment. Owing to its freedom from rosins it is possible to sand- 
paper (buff) the surface of the cork carpet (de.Waele)? 


1 A laboratory apparatus for the practical demonstration of the manufacture of 
“scrim oil” lias been descriljed by Li turner, Zc.it. f. client. AppanU, 1907, 399. 

2 Bedford, German patent 83,584. Cp. Brin, English patents 10,968, 12,652, 
1886. 

:t Private communication. 
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According U, A. solicliM oil, for which a snncrioritv j* 

claimed over scrim oil ” is obUmed by preparing a colloidal solution 
ol a rapidly oxidised oil m raw linseed oil. 

A. Kronstein claims to obtain an alkali-resisting linoleum l»v usim- 

polymerised tung oil 2 or linseed oil previously freed from solid glveer s'- 

Fnedemam t. 3 patents the preparations of a soluble body from' liuovvn 
by treating the linoxyn with boiling acetic acid and evaporatin'- olT the 
acid. 


Linoleum 

T lie soli<^ linseed oil is used on an extensive scale in the manufact ure, 
of linoleum . 4 For this purpose the solidified oil is ground to a coarse 
powder and placed in a steam-jacketed pan, fitted with a st iriinjr j> ( >ar, 
together with rosin, or, in the case of the most expensive linoleum, kauri 
gum. 5 The contents of the pan are gradually raised to 150" (J., whereby 
the mixture is v> run down " first to a liquid, which after a- time becomes 
stiff. Iho mass is then run off into thin layers termed hnolcinn cement. 
It is rolled on to a jute canvas-backing, and is finally stovc.d-- 
kt seasoned ” — at a temperature of 75 F. (120°-110° F.) 6 before being 
placed on the market- in its well-known form. 7 The 1,1 linoleum corlicine 1 ' 
produced by the Taylor-Paniacntt process requires a second “ season- 
ing.” The addition to a linoleum of sodium bicarbonate is claimed to 
render it fire-proof. 

Besides plain and printed linoleums, there are also manufactured 
at present “ inlaid linoleum ” and ’‘cork carpet." 8 Detailed indica- 
tions as to their manufacture fall outside the scope of this work. 


The valuation of linoleum is almost exclusively based on “ praeti< a -al " 
tests. The methods employed for testing linoleum at the Kim iyliche 
Tech) li sc he Vers uch s- A / isf.a lie i > 9 embrace determinations of specific, 
gravity, weight per square centimetre, thickness, resistance to wear, 
bending tests over mandrils of 10 to 45 mm. diameter, tensile strength, 
extensibility, permeability to water and the action of weak acids, 
alkalis, and petroleum. 


1 German patent 229,424 ; English patent 1 91*0, 1909 ; French patent MS, 804. 

2 Cp. German patents 180,0-1 ; 201,808; N'ordlingcr, Chew. Fahrik Mnrslieiin, 
German patent 251,371 

3 German patent. 258,853. 

* Gp. W. F. Real, Joiini. .8 'or. Chau, hut., 1 890, 75. 

6 Polymerised wood oil, “ ruhbov rosin,” and spirit soluble gums have been suggested 
as substitutes for the more expensive kauri gnin, but they yield cements lacking in 
elasticity and durability. (A. do Wade.) 

6 De Waele. ‘ 

7 In order to render linoleum nou-oombustible, the Societa del Linoleum, Italy, 
claims (French patent 382,279) a mixture of 23 parts of linoleum cement, 20 parts of 
cork meal or wood meal, 0 parts of precipitated silica, 8 '4 parts of sodium bear bon ate, 
42 parts of natural magnesite, 0 parts oi ochre (or another mineral pigment), the 
jute backing on to which this mixture is rolled is steeped in a solution of ammonium 
chloride, boric acid, and borax. 

s Ingle, Jo uni. Sac. Chau. hid., 1904, 1201. 

" Bnrcharlz, Mitth. Kihiuji. Tech. I ers.-Au-d., 1899, 285. 
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Ingle has criticised these methods and shown that the mechanical 
(practical) methods of examination must be adapted in each special 
case to the use to which the linoleum is to be put. Thus the testing of 
tensile strength would appear absolutely useless, as linoleum is not 
Subjected to any stretching strains. 

The following chemical tests may prove useful (Ingle ) : — 

(1) Determination of Ash. — Inlaid linoleum gives the highest per- 
centage of ash. A linoleum containing above 20 per cent of ash is apt 
to be brittle. The ash includes, of course, the amount of pigment used 
in the manufacture of the linoleum, as also the metals contained in the 
drier. 

(2) Extraction with Ether. — The extraction with ether and the 
determination of the ether-soluble proportion does not afford satis- 
factory guidance. For not only would the non-oxidised or non-oxidis- 
able portion of the linseed oil pass into the ether extract, but so also 
would the gum-resins and any rosin used in the manufacture of the 
cement. In addition to this, the ether-soluble constituent of the cork 
(which may reach 4-5 per cent) would pass into the ether extract to- 
gether with the gum-resins (and rosin). If linoleum is made solely 
from polymerised linseed oil (Taglor-Parnacott process), then only the 
non-oxidised portions of the linseed oil and the cork extract will be 
found in the residue left after evaporating off the ether. Ingle thus 
obtained from a Taglor-Parnacott cement made from polymerised oil 
and cork, only 8 to 10 per cent of extract. But if the cement be after- 
wards mixed with rosin, then the ether-extract may amount to almost 
18 per cent. Linoleum made by Walton’s processes gives a larger 
amount of ether-extract — from 16 to 2.3 per cent of ether-soluble extract 
— than that made by Taglor-Parnacott' s process. It is evident that 
two linoleums made from dilferent kinds of cements must not be com- 
pared on the basis of the ether-extract. 

(3) Determination of Moisture. — Moisture is determined by drying 
for one hour in the water oven. This test is considered of import- 
ance by Ingle as “ it reveals the amount of surface presented by a 
given weight of linoleum, and hence is more or less proportional to its 
porosity.' ’ 

(4) Water Absorption Test. — In order to carry out this test, the 
canvas back must be removed and the linoleum back, thus laid bare, 
rasped smooth with a file. A piece of linoleum of about 50 square cm. 
surface is dried in the water oven and weighed. The drying opens up 
the pores for the freer action of the water. The dried linoleum is 
placed in water for a definite period, taken out, dried between filter 
paper, and weighed. The increase in the weight (amount of water 
absorbed) affords a clue in the valuation of linoleum. This test would 
be best carried out side by side with a number of linoleums of known 
quality. A large amount of water absorbed means high porosity, and 
this would seem to indicate that the granules of the linoleums are not 
adhering sufficiently, and can therefore be more easily removed by wear. 
For more detailed information the l eader must be referred to the original 
paper and to the following table : — 



Kind of Linoleum and Cement used. 
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Taylor- Pamacott process. 
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Reid 1 showed that the “ solid oil ” is liable to still further oxidation, 
for he obtained from it a viscous liquid, heavier than water, and soluble 
in it to a considerable extent. This liquid is termed by Reid “ super- 
oxidised ” linseed oil. The decay which paints and varnishes exposed 
•to the atmosphere undergo in course of time, may be explained by the 
formation of this super-oxidised oil, which is washed away by rain-water. 
Linoleum would appear to undergo the same change at a much slower 
rate. The investigation of the “ super-oxidised oil ” is desirable. 

With regard to linoleums made from polymerised tung oil ep. p. 126. 
Reif 2 prepares linoleum substitutes from vulcanised oils. 


VI.— VULCANISED OILS, RUBBER SUBSTITUTES 

French — Caoutchoucs factices. German — Kautschuksurrogate , Faklis. 

Italian — Olii vulcan izzati. 

The action of sulphur chloride on oils and fats has been discussed 
in Vol. I. Chap. VII. ; it has also been pointed out that a considerable 
amount of heat is evolved when sulphur chloride interacts with oils 
and fats. 

The action of sulphur on oils and fats is much slower. At the 
ordinary temperature no chemical change takes place ; at elevated 
temperatures, however, sulphur does react with the oils and fats in a 
manner that may be likened to the absorption of oxygen at the ordinary 
temperature. The products obtained by the reactions are solid bodies 
which possess some degree of elasticity, and are therefore used as rubber 
substitutes. 

The manufacture of these substitutes is carried out in a manner 
simulating the vulcanising of india-rubber, namely, either by treating 
oils with sulphur at a somewhat elevated temperature (comparable 
to the ‘‘ hot cure ” of vulcanising india-rubber), or by treatment with 
sulphur chloride in the cold (corresponding to the “ cold cure ” in the 
vulcanising of india-rubber). Hence the. term “ vulcanised oils ” is 
appropriately applied to these products. 

According to the process used, the vulcanised oils are differentiated 
in the trade as “ brown ” (black) and “ white substitutes ” respectively. 
The “ white substitutes ” contain, therefore, a considerable proportion 
of chlorine, which is, of course, absent from the u brown (black) sub- 
stitutes ” ; thus it is possible easily to distinguish by chemical means 
between the two classes of rubber substitutes. 

The white substitutes form a yellowish, elastic, crumbly substance 
of oily smell and neutral reaction ; the brown (black) substitutes occur 
in commerce either as sticky lumps or as a coarsely ground powder. 

To manufacture the white substitutes a suitable oil, especially 

1 Journ. Sue. Chew. Jnd ., 1894, 1020. 

* French puteuts 11,814 ; 393,868. 
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rape ad pastor ,„1, soya bean oil,! nmize'frorn) oil, sesame or avaehis 
oil, 2 ,s dissolved in carbon tetrachloride, in a wooden, or earthenware 
or ename led iron vessel. Whilst the. oil is abated, suhdmr chloride is 
run m, the agitation being continued until the mass has solid Hied The 
reaction is accompanied by evolution of hydrochloric acid gas. 4 

The brown substitutes are manufactured by heating oils with sulphur 
to 160 C. In the United States considerable quantities of brown 
substitutes are made from maize (corn) oil by heating 50 parts of oil to 
470° F, and mixing with it about 20 parts of molten sulphur. 

The nature of the chemical change which takes place is not vet fully 
understood, and little can be added to the notes given ( Vol. I. (!hap. VI h) 
under the head of sulphur chloride. 0 Hoinqucs has shown that blown 
oils require much less sulphur chloride than do the original oils to form 
vulcanised oils ; this seems to favour the opinion that the white sub- 
stitutes are addition products. On saponification, the chlorine only is 
eliminated (as hydrochloric acid), the sulphur remaining in chemical 
union with the oils, so that unsaturated substances are again obtained, 
as is proved by the high iodine numbers of the sulphurised fatty com- 
pounds. The sulphur cannot be present in the form of an SH group, 
as the acetyl values of the substitutes are low. Nor is tin*, action of 
sulphur on oils fully understood. Whereas melted sulphur does not inter- 
act with a saturated fatty acid, such as stearic acid, at . bout 130° 
oleic acid 6 readily absorbs ten per cent of sulphur at 130°- 150° 
The sulphur does not crystallise out on cooling ; nor is sulphuretted 
hydrogen evolved. The reaction which takes place appears therefore 
to consist of a true addition. It differs most essentially from t lie action 
of sulphur on oils at higher temperatures, for even st earic acid is attacked 
by sulphur at 200° (!. with evolution of sulphuretted hydrogen, much 
as oleic acid heated with sulphur to 201F-300 0 0. is converted into 
sulpho-oleic acid with concomitant formation of sulphuretted hydrogen 
(cp. Vol. I. Chaps. I. and III.). 

AUschul states that all oils behave in the same manner, viz. form 
addition compounds with sulphur, which on saponification yield salts 
of sulphurised fatty acids ; the latter are obtained in their free state 
on decomposing the soaps with a mineral acid. 

Henriques 7 proved, however, that the reaction is not so simple, 
and that addition and substitution take place concurrently, the former 
preponderating at low temperatures, the latter at high ones. Also 
Michael 8 showed that the action of sulphur on uusa! united organic 
compounds is of a complicated nature. 

1 Giissel and Sailor, German patent 228,8*7 ; tinlmami, Liebig'* An, ml., 1908 (262), 

1 / ^ Linseed oil and cotton seed oil are less suitable. 

a Holm {Chan. Heme , 1900, 113) states that in the case of colza oil not less than 
17 per cent of sulphur chloride must be used. . 

4 An automatic apparatus for tl.is manufacture has been patented by N. Red, trench 
patent 397,412 ; German patent 222.140 ; also W. Spielter, German patent 216, /82. 

5 Bysow. Rollout fails., 1910, 281. 

6 Altschul, Joiirn. Sue. <hm. hid.. 189b, 282. 

7 J out n. Soc. Chan, hid., 1896. 282. 

« Berichte. 1895, 1633. 
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Whether or no the vulcanised oils are thiozonides is not proved. 
Reasoning bv analogy and in view of the work of Erdmann , it would 
appear likely that thiozonides are formed. 

Oxidised oils have also been proposed for the manufacture of 
» vulcanised oil, and the advantage has been claimed for them (see above) 
that they require less sulphur or sulphur chloride than do the original 
oils. It is doubtful whether the vulcanised oils prepared from oxidised 
oils are preferable to the ordinary vulcanised oils. 

The preparation of an india-rubber substitute by heating a solution 
of amber-resin in castor oil to 180° C. with a small proportion of sulphur, 
treating the sulphurised product, after cooling, with ozonised air, and 
then with sulphur chloride in the presence of a solvent at a low tempera- 
ture, lias been patented by Tiehsen . 1 

The preparation of sulphurised compounds of fatty acids and of 
their esters will be described under “ Fatty Acids.” The production 
of rubber substitutes from the metallic salts or the glycerides of naph- 
thenic acids in admixture with vulcanised oils has been patented by 
Cherchejfsky . 2 The addition of naphthalene to the oil before vulcanisa- 
tion or of a>compound of naphthalene and sulphur has been proposed for 
the manufacture of rubber substitutes. 3 

The “ quantitative reactions ” naturally lend themselves as suitable 
methods in the examination of india-rubber substitutes. They must be 
supplemented, of course, by such tests as the nature of the substance 
requires. 4 

It should be noted that the saponification of the sulphurised oil 
must be carried out in the (‘.old in order to avoid loss of sulphur. 5 In 
this case Henriques 1 method of cold saponification described above 
(Yol. I. Chap. II.) will be found suitable. 

The content of sulphur is estimated by treating the substitute with 
fuming nitric acid in the presence; of silver nitrate, and subsequently 
fusing with caustic potash and potassium nitrate. The insoluble silver 
compounds contain all the chlorine. 6 

The following table reproduces some analyses of india-rubber sub- 
stitutes by Henriques : — 


1 English patent 17,579, 1904 ; German patent 160,120 (Spatz ami Tielisen). 

2 German patent 228,858. 

3 English patent 16,971, 1908 ; French patent 292,669 ; German patent 224,040. 

4 Joum. Sue. Chen. Ind., 1894, 47, 70. 

5 For whilst the chlorine is eliminated by the alcoholic soda, the sulphur remains 
in the molecule. 

6 Cp. also Frank and Markwald, (fmtmi Ze.it . , 1908 (22), No. 50. Spence and 
Scott, Zeits. f. Koltoide, 1910 (8), 304 ; 1911 (9), 300 ; Dr. K. Loewen, Zells, f. angew. 
Client., 1912, 1610. 
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Tung oil 1 and also fish oils have been subjected p ^ e &^froved. 
ment on a large scale, but hitherto the products so </ it 
found practical application. The material prepared * / Saturating 
fibrous material with fish oils, and subjecting the mass to treatment with 
sulphur chloride, was known under the fancy name “ volenite.” 2 The 
chlorides of selenium and tellurium simulate sulphur chloride in their 
action on oils and fats. Their use in the preparation of rubber sub- 
stitutes has been patented by Khpstock . 3 

Claim has been made for the application of india-rubber substitutes 
in the manufacture of dynamite as an absorbent (in the place of kiesel- 
guhr). 4 For rubber substitutes prepared from “ nitrated oils ” see 
below. 


VII, -NITRATED OILS 
French— Huiles ni trees, (lerman Sitrierk Ole. 

On treating linseed oil or castor oil with a nitrating mixture, such 
as is employed in the manufacture of nitroglycerin— two parts (by 
weight) of concentrated sulphuric, acid, 1-845, and one part of nitric 
acid, specific gravity 1-5—“ nitrated ” oils are obtained. 5 6 The nitrated 
oils are viscid liquids, heavier than water ; thus the product obtained 
from linseed oil has the specific gravity H 12, that from castor oil H27. 
The nitrated castor oil is insoluble in carbon bisulphide. The com- 
position of these substances is not yet known. They contain 4 to 5 
per cent of nitrogen. Samples examined by the author had high 
saponification values, varying from 278-5 to 280-5. F. Gehre 6 saponifies 
the glycerides with sulphuric acid and washes them before nitrating the 
resulting mass. 

The most prominent property of these products is that of forming 
homogeneous compounds with nitro-cellulose. Thus a mixture of one 
part of nitrated castor oil with nine parts of nitro-cellulose yields a 
product resembling ebonite. 

Solutions of these compounds in acetone arc used as varnishes, as 
a basis for paint, and for enamelling leather. 

By heating “ nitrated oils ” to 1 30° (J., or by oxidising them with 
lead peroxide, rubber-like substances are obtained. 7 

1 A salve-like substance obtained by heating tuug oil with 0*5-10 jut cent of sulphur 
until a clear solution results, is patented by Alexander, German patent 137,340. 

2 Cp. also Scammell and Muskett, English patent 21,229, 1901 ; French patent 
319,074 ; and United States patent 724,618. 

3 German patent 260,916. 

4 German patent 110,621. 

6 W. F. Reid, Journ. *8 be. Cheat. fnd. t 1899, 972. Reid and Earle, English patent 
21,995, 1895 ; Velvril Company, German patent 103,726. 

6 French patent 398,748. 

7 Velvril Company, Limited, and Ilowkins, English patent 13,306, 1903 ; German 
patent 168,359. Cp. also English patent 27,202, 1903. 
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VlTl .^fc&ITLP} I ON ATKD OILS, TI’KKKY-RKI) OILS 1 


^ n'lich - 1 hulcs sulfa tins. If it Hr pour romps lure. (human Sulpha' 
nierte Ok, Turkkclirolok. Italian Olii sal fan iri ; Olii per rosso hum. 


The action of concentrated sulphuric acid on oils and fats lias been 
explained already (Yol. f. (’hap. 1.). This reaction has been employed 
since. 1K77 on a larye scale in the manufacture of Turkey-red oils. 

Turkey-red oil is a fatty substance used in the preparation of the 
cotton fibre for dyeing ami printing Turkey-red. The part which the 
Turkey-red oil plays is not fully understood yet ; opinions differ as to 
whether it exercises a physical or a chemical action. The advocates of 
the former explanation assume that, the oil protects tin* lake formed on 
the fibre, much as boiled linseed oil serves to protect a painted surface. 
The supporters of the. chemical theory hold that the Turkey-red oil 
combines with alumina and finally with the colouring mutter to form a 
compound lake. In those cases, however, where chemical combination 
with formation of a lake is excluded on account, of the chemical con- 
stitution of the (olourinu matter, the physical theory appears to com- 
mend itself. Thus the Turkey-red oil is not a mordant proper, but acts 
as a fixing ayent in so far as it imparls to the, dyed fabric a better and 
superior lustre, which dot's, not belong to the unoiled fibre The sulphon- 
ated oils would appear to ihe author to be absorbed by the fibre in the 
same manner as elvctirin (from soft soaps) is fixed on the fibre. 

Before t he process of si.lplmn.il inu castor oil was discovered (IH75), 
rancid olive oil (see Yol. II. “Olive Oil ”) and sulpholeatcs (see p. 108) 
and sulphonated oils (see p. 1 OS ) were list'd as a r l urkey-red oil (l{inuje). 
At present Turkcv-red oil is prepared by allowing concentrated sulphuric 
arid to run into cuslar oil slowlv with constant stirring, taking cunt that 
the temperature of o~v (k is not exceeded. 2 If necessary, the mass 
must be cooled, for secondary reactions take place at temperatures 
above .‘15° 0. with liberation of sulphurous acid. The product- is then 
mixed with a small quantity of water and the dilute arid allowed to 
settle out. The lower layer is drawn off 3 and the oil washed with a 


i Krcmy, Ann. dr rhim. rl dr phis.. 1831, tin. 121 ; Amiair.i, ID, 2D(i ; 20, 50. 

Uslitrool, kiiglisli l«teut m. IWI. >fy 

O'” A-\‘> IKS', IS - '>1 • 1 15. Lirchtl and huida, Jimrn. Sor. Chrm. hut., 1880, 

: „L rXn. .h'wn’. -X, o, CIS ; 251, 171 ; 27.1. W0 ; lUrirhU, 1833, 2453. 11. 

I'if’i \ /Li. I’ul,/I. .hum., 231.311!. S;,l,u IC .|,ll, tic, Mr, ISM (ID). IM. 219. 
■ ’ , Z t»IV Iln-iMu. 183,1 (19,, II, I'. 541. K. u-.likt an, l Ulwr. J,wm. *m. 

‘ ' al< /, / ' 1S37 543-1383 323. (I, it, 4, .hmnt.f. i.rul.1. 1'liriu., 18S8, 53, 1/ " 4 , 1111 , 
, ,W * f j 4 ^ Sehcmn-Kestiirv. Jnnrn. S„r. Client, hid., 1891, 

A 7 i r v>V’ 1 * Wilson, Jnnrn. So,:. Chao. htd., 1*01, 20; 1*02. 405. Jiiillanl, Jntini. 
ty 1 * • l ‘{v, • ]S93 52S • iso 4, S20. Wolll , Chnn. llrrur , 1807,103; 

•Hrr'/rilrri! 1002,27 7 ; 1004, 21, 38. Xrifs. /. Fmhmnndmthr, 1907, 
v Ni'idc-diauscn, linll. Snr. hid., Mulhouso, 1002, 72, 380. Krhau and 
FarheninMrie, 1007, 169, 1*5; 1008, 312, 317. Xnts. f. anyao. 
/v ’ 1400 ' 55 • Woldeidierg, liKimj. histert., Zurich. 1008. 

1 «’k Timress Ins been patented lor preparing *■ product l.y sulpl.onating in the presence 

p i ill 1, •L,iil -u t'tiuc hotl. of whi.-l. arc state! to act as condensing agents. 

° Any glycerin that has been set free is contained in this layer. Cp. French patent 

349,380. 
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solution of Glauber’s salt, until the washings are only slightly acid. 
Finally ammonia is added, until a sample gives a clear solution with a 
small quantity of water. Some manufacturers use soda instead of 
ammonia, or a mixture of ammonia and soda. 1 Since the sulphonated 
oil is not completely neutralised by alkali, the resultant product still 
possesses a strong acid reaction. 

Turkey-red oil containing a higher percentage of sulphonic esters 
is obtained by replacing the sulphuric acid by chloro-sulphonic acid. 2 

The sulphonated oil, as obtained by the treatment with concentrated 
sulphuric acid, can be resolved into two portions by dissolving it in 
ether, washing with brine until it is free from sulphuric acid, and then 
shaking out repeatedly with water. On treating the united aqueous 
solutions with sodium chloride the water-soluble portion separates as an 
oily layer. On evaporating off the ether from the ethereal solution the 
water-insoluble portion is obtained. 

Benedikt and Ulzer stated that the water-soluble portion , in the case 
of a Turkey-red oil prepared from castor oil, consists of ricinoleo-sulphuric 
acid (see Vol. I. Chap. III. u Ricinoleie Acid ”). 

This acid is miscible with water in all proportions ; the aqueous 
solutions lather like ordinary soap solutions. From these solutions the 
ricinoleo-sulphuric acid is precipitated as a heavy oily layer by brine, 
moderately dilute sulphuric acid, or hydrochloric acid. 

By adding salts of calcium, barium, aluminium, 3 lead, copper, etc., 
to tlie solution of the acid, viscous precipitates are obtained. On boiling 
the aqueous or alkaline solutions of ricinoleo-sulphuric acid, the acidic 
portion remains intact. If, however, the free acid be boiled with dilute 
hydrochloric or sulphuric acid, part of it is decomposed into ricinoleie 
and sulphuric acids, whilst another part is converted into a ricinoleie 
anhydride. 

Indeed Grim and Wetlerkanep 4 state that neither is sulphurous acid 
liberated nor is a dihydroxylated acid formed, the reaction that dors 
take place resulting in the splitting off of sulphuric acid and in the 
formation of an inner anhydride, as is expressed by the following 
equation : — 

/O.S0 3 U 

2C 17 H 3 , 7 -l- H a () = 2S0 4 Uo j C 17 H m (OH )COOC I7 l I 3 ,COO H. 

' \COOH 

The acid value of the product obtained is approximately 92 ; as the 
theoretical number is 1)7*6, this would prove that small quantities of 
other anhydrides arc formed. 

On boiling ricinoleo-sulphuric acid with water in the presence of a 
mineral acid, the decomposition is considerably accelerated, and the 

1 The first Turkey-red oil discovered l>y XVrith in Itamsbottom that came into the 
market was prepared with soda. Very shortly after that a Tilrkey-rcd oil, prepared 
with ammonia, was prepared hy F. E. 8 torch. 

2 Grim, German patent 260,748. 

3 It may be mentioned here that Schcurcr ( Journ . Soc. Chm. hid., 1898, 1025) pro- 
posed metallic sulpholeates — aluminium sulplioleate especially — as mordants for steam 
colours. 

1 Zeits.f. Farbenindustrie , 1908, 375. 
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'|5' 011 r,s | 0,s P Iom *ds b f, yond the stage indicated by the preceding 

ion, pin ),i )lv n laoticL'of f ho follow insi foinposil ion is fonnnd 

c , 17 H aa (oii)a)oc 17 Tf3 2 ( , ()oir ii 2 o j-cjr.,, /W L ° \* u,.. 

’ M’O-O/ 

Wagner 1 withdraws his previous statements. 

llu* iwteMMohbk. portion of castor Turkey-red oil consists chidly 
o ue 1 icinolcic acid and small quantities of neutral (unacted on) oil, 
Tj <lS0 an ^y ( ^’^ es °f ricinoleie acid (op. however, litxfnjeirsbf , 

belie h re r-he.slner is of the opinion that castor Turkey-red oil consists 
of a mixture of rieinoleo-sulphurie. acid, and of monorieinoleie and 
dii icinolcic acids, the occurrence of the last-named two acids being 
due to polymerisation of free ricinoleie acid. 

According to Jiullunl, polymerisation proceeds further, giving rise 
to the formation of di-, tri-, tetra-, and penta-ricinoleie acids, an opinion 
at variance with the views of Scheiirer-Kesfnn\ who maintains that 
polymerisation extending beyond the formation of the di-acid is due to 
a secondary action of hydrochloric acid, liberated on washing tin* 
product with brine instead of (ihniher's salt. In JuiUnnf's opinion 
castor Turkey-red oil is a mixture, of varying proport ions of polvrieinoleic 
acids, of alkali salts of mono- and polv-ricinoleo-sulphurio acids, of 
anhydrides of the latter acids, and of their products of decomposition - 
(ep. also Vol. J. li Uiciholeie Acid *'). 

B()(/ajnrsl>i 3 is of the opinion that the action of roncenl rated 
sulphuric acid (l to .‘1 parts of S0 4 lh>) on castor oil takes place in the 
following three stages 

(1) Free ricinoloic acid is formed according to the following 
equation 

c,h.-,l< : l 7 iy oil). co,] ;! -• so/OH - ( : 17 iiy onmi i ,• < \ 1 ]{ 

Tire products of the. interaction arc completely saponified by half- 
normal alcoholic potash. 

(2) The products formed in the second stage can no longer he 
completely saponified by means of half-normal alcoholic potash : the 
acid number of the product is decreased, in consequence of the sulpho- 
groups exchanging places with the hydrogen of the hydroxyl-groups, 
thus — 

(( , 17 H a , > rOH]C() 2 )/ , 3 Ur,(O.S() 2 .OH)-i- t SO, l II 2 - 

(( 1 I7 H 32 .l()S() 2 0H]C0 2 ) a ( t 3 H 5 .01l-fH 2 (>. 

In aqueous solution partial dissociation takes place on standing; in 
alcoholic solution partial esterification occurs. 

The dissociation in the one case and the esterification in the other 
increase as the proportion of sulphuric acid and the temperature rise. 

1 Xeits. f. Fitrheniiitluslru', 1008, 878. - Juvra. -V. Chan, lad., 1891, 820. 

3 Chan. VctUrnihf 1897, ii. 885. 
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(3) In the third stage the acid value decreases whilst the saponifica- 
tion value increases, the poly-ricinoleic compounds described by Juillard 
being formed. 

On treating the product obtained in the second phase with 30 to 
50' parts of water, the acid value increases to a maximum and then falls 
again ; the maximum occurs when two hydroxyl-groups have become 
free. On boiling, the triglyceride is almost completely hydrolysed 
with formation of rieinoleic and sulphuric acids. 

In the manufacture of the normal commercial Turkey-red oil the 
interaction of acid and oil is interrupted before the second stage has 
reached completion. The commercial product contains, therefore, 
chiefly the following substances :■--(«) in the water-soluble portion, 
ammonia (or soda) salts of the acids — (IIO.SOo.OC 17 H 3 .>.C0 2 ) 
(H0 .Cj 7 H3 2 .C0 2 ).C 3 H 5 .(0M), and IIO.C JI 32 .C0 2 I1 ; (b) 'in the 
ether- soluble portion, unchanged castor oil and salts of the mixed castor 
oil fatty acids. 

Besides castor oil, other fatty oils (such as olive oil, araehis oil, 
cotton seed oil, etc.) have been, and still are, used for the production 
of Turkey-red oils. 

Ben ed ill expressed the view that castor Turkey-red oil cannot be 
replaced bv the oils named, because by treating them with sulphuric 
acid saturated hydroxy la led acids and their sulphuric esters are formed, 
whereas castor Turkey-red oil still consists of u)> saturated fatty acids. 
Benedikt , therefore, ascribed the superior effect of castor oil to the 
oxidisability of the. castor Turkey-rod oil fatty acids. 

This statement has, however, not been supported by experiments. 
Its correctness is doubtful in view of the fact that the castor oil fatty 
acids are not readily oxidised by blowing (op. Vol. II. Chap. XIV. 
“ Castor Oil ”). Sulpholeates first mentioned by Ituiuje 1 2 3 seemed to have 
been well known in Yorkshire ; they were prepared according to a process 
patented by IJ. W. Ripley (1850), and under the name of sulphated oils 
were prepared in 1847 by Mercer aud Greenwood. Bc/nmtz and Tonyes 2 
have, prepared a “ Turkey-red oil " by mixing oleic acid with sulphuric 
acid and heating the product to 105' -1 20° C. According to statements 
of Werner 3 this oil is, in certain cases, superior to castor Turkey-red oil. 4 

The chemistry of Turkey-red oils still requires further elucidation 
by experiments. . Evidently reactions similar to those taking place 
in the “ acid saponification process ” (cp. Vol. T. Chap. II. ; cp. also 
below) occur. It may be added that Geitel (Vol. I. Chap. III. “ Oleic 
Acid ”) has proved the presence of stearolaetone and of the anhydride 
of the ordinary hydroxy-stearic acid in Turkey-red oil prepared from 
oleic acid. 

The commercial Turkey-red oils are viscous, transparent fluids. 

1 Furhnichmie, 18.14 (1), 213. 

2 Joum. .s Inc. V 'hem. hid., 1892, 827, German patents 60,579 and 64,073. 

3 Ibid., 1893, 40. 

4 Cp. also Hevl>ig, Ftlrbcr Zeilung, 1902, 277 ; 1904, 24, 38. 
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Since the chemical composition of a Turkov-red oil depends on the 
mode of nianulacl ure. on the amount of sulphuric acid employed, 
and on the raw material used, the commercial products vary in their 
composition. 


The commercial examination of a Turkey-red oil divides itself into * 
two parts, viz. (1) the practical examination, and (2) the chemical 
examination. 

(I ) Practical Examination. The sample should give a complete 
emulsion with ten volumes of water. In practice the test is performed 
by first mixing, in a graduated cylinder, one measure of oil with a little 
warm water (with which the oil forms a clear solution). Then water is 
added gradually until ten measures have been introduced. The appear- 
ance of the sample is then compared side by side with an emulsion 
prepared with a sample of known purity in exactly the same manner. 
No oily drops should separate after standing for a short time. An 
adulterated product may be recognised at this stage by not giving a 
clear solution with a small quantity of hot water, as also by a darker 
coloration than that observed in the case of a pure oil. The. emulsions 
should show a slight lv acid reaction to litmus paper. In case the 
emulsion lx* neutral or alkaline, acetic acid is added, drop by drop, until 
both samples show approximately the same acidity. 

The most important test consists in dyeing cotton prepared with 
the oil. The sample dveing is carried out in the following manner 
Two pieces of cotton of equal size are treated with the sample and with 
a standard oil, respectively, by allowing them to soak in an emulsion 
prepared from 1 part of oil' ami 15-20 parts of water. After drying, the 
fabric is mordanted with alum and dyed in alizarin, or paranitro-amlme 
red is printed on. The samples are then brightened by soaping and 
finished in the usual manner. The pract iral test will only be resorted to 
by a works’ chemist, or by an analyst who has special experience in that 


hUU m Chemical Exaininati 'n, -Turkey-red oil is valued on the amount 
of total fatty matter in the sample. This comprises t-l.o * 

portion obtained on addin;- a mineral nnd to he ml wlieral.v Ut ■> ««k 
hydroxy acids, and neutral oil arc separated) as also the 1,>, , xylat d 
ails obtained on decomposing the soluble sulphuric esters of the fatty 


aCU nn 1 „ total fatty matter mav be determined by Beiwlikf* method. 1 

pnenolpntnaiuii. j measures of concentrated 

dilute sulphuric acu , 1>'‘‘M _ rm| hl an(l an accurately weighed 

sulphuric acid aiu ■ ■' 2 a | >clll ,, HI gums., is added. The 

SW laver - separated on the top. 
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After cooling, the solidified cake is treated in the same manner as that 
described under “ Soap Analysis ” and is then weighed. 

The following rapid process, due to Fivsler, and recommended by 
Breinl, 1 * is largely employed in continental practice : — 30 grms. of the 
sample are weighed oil accurately, rinsed with about 70 c.c. of hot 
water into a 200 c.c. flask, the neck of which is graduated in } or ^ c.c., 
25 c.c. of sulphuric acid of specific gravity 1*563 (52° Be.) are added, 
and the mixture is heated to boiling with frequent shaking until the 
fatty matter forms a clear, transparent layer. A hot concentrated 
solution of common salt, or dauber s salt, is next added carefully to 
bring the separated layer of fat into the neck of the flask. After half 
an hour’s standing the volume of fatty matter is read off ; the number 
of c.c. multiplied by 3*33 corresponds to the total fatty matter expressed 
in per cents. Since, however, the specific gravity of the fatty matter 
is below 1 (usually 0*915), a correction should be made. 

The total fatty matter thus found is less than the sulphonated oil 
dissolved in the water by the amount of sulphuric acid split off on boiling 
with hydrochloric acid. 

In addition to the total fattv matter the amount of (a) neutral 
oil, {!>) sulphonated fatty acids, (r) ammonia or caustic soda, (d) 
sulphuric acid, and (e) water may be estimated. 

(a) Neutral Fat.- 30 grms. of the sample arc dissolved in 50 c.c. 
of water ; 20 c.c. of ammonia and 30 c.c. of glycerin are added, and 
the mixture is exhausted twice with ether, using 100 c.c. for each ex- 
traction. The ethereal solution is then washed with water to remove 
small quantities of dissolved soap, and the ether is evaporated off. 
The residue is transferred to a small fared beaker, dried at first on the 
water-bath, then at 100° 0., and weighed. Another method due to 
Herbuj 2 is to convert the free acids into the sodium salts, evaporate 
off the water, and extract the residue with acetone at 0° C. The sodium 
salts of ricinoleie and sulpho-ricinoleic acids are stated to be very 
sparingly soluble in this menstruum. 

(b) Sulphonated Fatty Acids.- 4 grms. of the sample are boiled in 
an Erletnueijer flask with 30 c.c. of dilute hydrochloric acid (1 : 5) for 
40 minutes, with frequent shaking. 3 After cooling, the liquid is trans- 
ferred to a separating funnel, and shaken out with ether to extract the 
fatty matter. The aqueous layer is drawn off and the ethereal layer 
washed with water. The washings are united with the main aqueous 
portion and the sulphuric acid determined by precipitation with barium 
chloride. From the amount thus found the quantity of sulphuric acid, 
as determined under (d) (see below), is subtracted and the difference 
calculated to sulpho-ricinoleic acid (80 parts of S() 3 correspond to 378 
parts of ricinoleo-sulphurie acid ^18^33^2 • ^ * *"d) 3 ll). 

(c) Ammonia or Caustic Soda. — 7 to K) grms. of the sample are 
dissolved in a little ether, and shaken four times with dilute sulphuric 
acid (1 : 6), using 5 c.c. each time. 

To determine ammonia, the acid liquid is distilled with caustic 

1 Journ. Soc. Chem. fml., 1889, 573. 2 Ft trier. Zeitung, 1914, 169. 

a Cp. Bering, Client. Rente, 1902, 5. 
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potash in the well-known manner, and tin* ammonia received in an 
accurately measured quantity of standard acid. 

To estimate caustic soda the acid liquid is concentrated in a platinum 
dish on the water-bath, and the excess of sulphuric acid driven off by 
heating on the sand-bath ; the residue is mixed with ammonium sul- 
phate, ignited, and the sodium sulphate weighed. 

(d) Sulphuric Acid.- The quantity of sulphuric acid present in the 
form of ammonium or sodium sulphate is found by dissolving a weighed 
quantity of the sample in ether and shaking it several times with a few 
c.c. of concentrated brine, free Irom sulphate. 1 he several washings 
are united, diluted, filtered, and the tiltiaie precipitated with barium 
chloride. 

(e) Water.*- The amount of water is usually found by dilference, 
but mav be determined direct according to the method ot the Ameiican 
Leather Chemists’ Association by distilling RU to 1U grins, ol the oil with 
75 c.c. of xylene previously saturated with water, from an oil-bath. 
The distillate is collected in a graduated tube. 

The method for the detection of iron in Turkey-red oils has been 
described, Vol. L Chap. IV. 


In view of the many attempts Unit arc Immiijj mad.' to suits! it ut.- for 
castor oil other oils/ and in view ol the many »ub>!itutes that are 
actually met with in commerce, it is l're<|ucntly necessary to deteriiiino 
the nature of the oils used in the manufacture of a sample ol Im kci- 

,Cd (Tf the greatest importance in the examination is the determination 
ol the acetyl value. Castor huvinit the. highest acetyl all o . 

known will be thus readily identilied. 

An acetyl value of 125 or above will point to pure castor n.l , m 
ease other oils have been used, lower values will he obtained. , 

‘ ' A sample .if a genuine castor Turkey-red ml examined in the ant 101 

laboratory gave the following result : - ^ ^ 

„ i4 . . 401" 

Total fatty matter - • ■ 0<] r> 

Unsaponifiablo • 

The examination ot the fatly matter obtained by sapomhealion led 
to the following numbers 


Specific gravity at 1-5° < • 
Iodine valuo 
Acid value 
Saponification value 
Acetyl value 


0-9440 
82-1 
174 3 
189-9 
120-9 


Lane 3 bases another method on the fact, ascertained by him, that 

* Urban ami Ikta. *»«. ibont SO pet cut of total fatty matter. 

* The highest priced turkey- ^ n refer the guaranteed percentages (35, 40, 

It ahoul.1 h. acid,” 

f,0) to the aiiioiint of sul) 10 j 

t Jmm,. Hoc. Ohm. M-, IMh ■> i ‘- 
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ead ricinoleatc is practically insoluble in low boiling petroleum*ether. 
Lane proceeds as follows 3 to 3-5 grms. of the “ total fatty matter,” 
is obtained above, are saponified with alcoholic potash and converted 
nto lead soap in the manner described, Yol. I. Ohap. 'VIII. The lead 
5oap is boiled out repeatedly, under a reflux condenser, with low boiling 
petroleum ether, and the solutions are poured off into a 500 c.c. flask 
>r cylinder. Altogether 200 to 225 c.c. of petroleum ether are used, 
lhe solution is diluted to nearly 500 c.c. with petroleum ether of boiling 
point 28-30° 0., boiled for one minute, cooled, made up to 500 c.c., and 
illowed to stand over night in a cool place, when the insoluble lead 
ricinoleatc settles out completely. 250 c.c. of the solution are drawn 
jff (or filtered off if necessary), distilled down to 75-80 c.c., and decom- 
posed with 10 c.c. of 10 per cent, acetic acid in a separating funnel. The 
solution of fatty acids in the petroleum ether is washed with water until 
the washings are neutral. The petroleum ether is evaporated off and 
the residue dissolved in 50 c.c. of neutralised alcohol and titrated with 
decinormal soda. The alkali is calculated to oleic acid ; the percentage 
divided by 80 is said to give the amount of oils other than castor oil. 
The quantity of castor oil is found by difference. The factor 80 is 
chosen as most of the oils used as castor oil substitutes contain about 
80 per cent of liquid acids. If the admixed oil can he identified, its true 
percentage of liquid acid should be substituted for 80. 

The accuracy obtainable by this method may be illustrated by 
Latte , s results, reproduced in the following table : — 



Used. 

Castor Oil found. 

Castor oil, 50 j 

arts ; olive oil. 50 parts 

47-83 per cent 

„ „ 70 

„ ; ,, „ 30 ,, 

69-96 „ „ 

„ ,, 85 

,, ; „ ,, 15 ,, 

84-57 „ „ 


; » ,, is ,, 

84-45 ,, ,, 


The defect inherent to Turkey-red oils prepared as described above, 
narnelv, that, of giving rise to the formation of insoluble lime and 
magnesia soaps with hard water, is obviated - at any rate to some 
extent— by introducing some modifications of the usual process. 

A product of this kind is the sulpho-rieinoleato obtained by neutral- 
ising the product of the reaction of sulphuric acid on castor oil with an 
alkali, without washing out the free sulphuric acid. 1 Hence this soap 
( u sulpholeate of sodium ”) contains considerable quantities of sodium 
sulphate, and is much richer in fatty matter than the Turkey-red oils 
prepared by the process described above (p. 195). Another class of oils 
of this kind are those which represent a mixture of hydroxy acids 
(“ oxyoleates ”) with sulphonated castor oil. 2 They are prepared by 

1 Stockhausen, German patents 113,433, 1 26,f>41, 1:>9,220, 169,930 ; English patent 
21,280, 1908 ; L. E. Common and Hull Oil Manufacturing Co., English patents 28,768, 
1906; 16,969, 1907 (cp. p. 340). 

" A. Schmitz, French patent 376,655 ; English patent 8245, 1907. 
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SdbTlIZnuW r ° a ° r 0l i h r.? ils - *i-‘ -rid. rtc.. with sulphuric 
-id in tlic usual manner and lxnlin" the washed product with water in 

fonZionTh 1 * 1 Unti ' ^ SU, I ,lw - | '"'"P"unds are decomposed with 
or tim e f - Y r0Xy . a,,,( S (j " st “ Hu ' fnttv matter is prepared 
ot the client, cal exammation). These hydroxv acids are then mixed in 

“ rC* "' ith cast,,r (,il - ,l "‘ l mixture is heated from -10’ 
to WO C. The mixture is then allowed to cool, and sulplmniited with 
sulphui ic acid ill t he same manner as in the manufacture of ordinary 
Ul | P Te< 01 I<! P'oduct is then washed free from sulphuric acid 
and treated with alkali until a water-soluble „j| \ s obtained. 

lm J t J S . di . flElCult tw un(U,J ’ stjiml wlliit *<< the heating from to to 
00 L is intended to produce. The inventor seems to have felt this 
himself, and »in a further patent 1 lie claims as an improvement the 
omission of the heating in the ahove-deseriM process. The production 
of Turkey-red oil by Hyphenating the petroleum acids (naphthenic 
acids) has been patented by Pehvfp 


The well-known cleansing properties .if Turkey-rod oil have led to 
its application for the lubricating and cleansing of wool (see above, 
p. 97), as also to its use as a base for emulsified oils (p. 1 10) niid textile 
soaps (see below, kt Textile iSoaps "). 

I he use of sulphonatcd fatty acids as a degreasing agent and for 
removing lime alumina and magnesium soaps has been patented by 
Guetan and Simon in? 


INDUSTRIES BASED ON THE SAPONIFICATION OF OILS 
AND FATS 

The important industries which are based on the hydrolysis (saponi- 
fication) of oils and fats comprise the manufacture of si ear i no candles, 
soaps, and glycerin. The scientific principles which underlie the manu- 
facture of these products have been fully discussed from a theoretical 
point of view in Vol. 1. Chap. II. In this section the industries founded 
on them will be considered from a practical point of view. Whereas 
the soap industry, like many of Hie older chemical industries, had 
reached a high degree of development on exclusively empirical lines, 
long before. its scientific foundation was understood, the manufacture of 
stearine candles and of glycerin arc the direct outcome of the scientific 
researches of Chcrmd. 


I. -DANDI.K INDUSTRY 

In this work the chief attention must be paid to the manufacture 

of stearine candles ; other materials used in the candle industry, such 

l English patent 11,903, 1907; Frond. patent (first addition to No. 376,555) 

N0 '='umrmn patent 274,786. 3 * I" 1 ™ 1 400 - m 
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as the mineral waxes, can therefore only be considered briefly. The 
vegetable and animal waxes, which are used as candle material, bees- 
wax, spermaceti, etc., will be dealt with in the section " Technology of 
Waxes.” 

STEARINE CANDLES, COMMERCIAL “ STEARINE,” 
COMMERCIAL STEARIC ACID 

The saponification processes at present employed on a manufacturing 
scale in the stearine candle industry are as follows : — 

(1) Aqueous Saponification. 

(2) Saponification with the Assistance of Rases. 

(3) Sulphuric Acid Saponification. Acid Saponification. 

(1) The Mixed Process. 

(5) Saponification by means of Sulpho-compounds. 

A preparatory treatment of the fats consists in freeing them from 
gross impurities by sedimentation or by filtration, or, if need be, by 
treatment with dilute acids. Fournier and Co. 1 claim that a preliminary 
heating of the fats to 110-120° C. whilst a current of air is blown through 
for a “ sufficiently long time to oxidise energetically ” is beneficial for 
the ready hydrolysis of the fats. This treatment is intended to precede 
in processes (2) and (3) the “ autoclaving ” and the ‘‘ acidification.” 
In the fourth process this treatment is to be applied after the acidified 
mass has solidified. 


(1) Aqueous Saponification 

The realisation of the fundamental equation of fat hydrolysis — 
C 3 H 6 (OR) 3 1-3H.OH = C 3 H 5 (OH) 3 f 3 II. OH 

suggests itself to the candle-maker as the ideal process. The first 
attempt to work such a process on an industrial scale was made by 
R. A. Tilghmann , 2 whose method consisted in forcing an emulsion of 
fat and water through a coiled iron tube heated in a furnace to a tem- 
perature of about 330° 0. This process was, however, soon abandoned 
on account of the saponification being incomplete and considerable 
quantities of fatty matter being destroyed. The efforts of later in- 
ventors to carry out the hydrolysis of fats in an autoclave by means of 
water have met with greater success. From the table “ Aqueous 
Saponification of Neutral Eats under Pressure,” Yol. I. Chap. II., it 
will be gathered that with the increase of the pressure under which the 
water acts on the glycerides, or, in other words, with the increase of 
temperature of the heating steam , the rate at which hydrolysis takes place 
is much increased. In practice, steam at a pressure of 15 atmospheres 

1 French patent 339,385. 

2 English patent 47, 1854 ; Berthelot also showed at this time that glycerides can 
be hydrolysed by water alone at a temperature of 220" C. 
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(equalling about 220 lbs. per square inch) and corresponding to a 
temperature of about 200° (’. is capable of effecting hydrolysis. 

The apparatus working on a practical scale is shown in Figs. 0 
and 10. 

Fig. 9 represents Hurjla's' 1 apparatus, which the author saw in 
operation in a Paris candle-works. The fat is charged into the auto- 
clave A, about .30 per cent of water are added, and si cam, generated 
in a midtitubular boiler at a pressure sufficiently high to keep up a 
working pressure of 15 atmospheres in the apparatus, is sent into the 
autoclave. The steam is finely divided into streamlets by a distributor 



-i-v || \ h oi'dcr to provide additional 
similar to the one 1 |, v t |„. safety valve,, 

security (against explosion) , | | a st „ a jl amount of steam 

and in order to agitate the tna 1 .J|b ; * » ^ ^ 

is allowed to e«ycounmot.sUjl . fm . 

as an extra safety valu . | j / t | n . (>11 ..h pipe (1) into vessel B, 

ce titration of a elycer.n soluta.u ^ • ” oml( , ( . u , ( f wit)l K> ,1„. condensed 
in which is enclosed a hu n , |( . 1s as „f steam trap, 

water escaping throiieh \a w ,| u)iou j„ |? serves to pre-heat 

The steam evolved from » . j j n rm , sequence of the 

a dilute glycerin solution^ becomes seriously dis- 

higli temperature employ d m , 

1 Knglisli patent ti.ai'J, 1^85. 
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coloured, so that the fatty acids must be chiefly worked up by the 
“ mixed process (p. 230). Moreover, since the hydrolysis of the fat 
docs not reach so high a percentage as is the case in the processes 
described under (2), a small proportion of lime, about 1 per cent, 
is usually added to the mass in the autoclave. Hence, practically 
speaking, this method approaches very nearly those described under 
“ Aqueous Saponification with the Assistance of Bases.” 

It has been shown (Vol. I. Chap. II.) that saponification is accelerated 
by intimate contact of the reacting masses. In Hughes' autoclave this 
is obtained, as pointed out already, by a portion of the steam which 



m 10. 

enters the autoclave under high pressure being allowed to escape con- 
tinuously. In order to produce a still more intimate intermixture 
Michel 1 designed the apparatus shown in Fig. 10. A pair of autoclaves 
arc worked conjointly. They are charged through the pressure vessel 
A and pipe e with fat and water. The autoclaves are heated by fire, 
and as the pressure rises their contents are forced up (through the tubes 
/,/', which reach almost to the bottom of the autoclaves) into the top 
of the mixing vessel 0, whence the mass runs back again into the auto- 
claves. 

Being somewhat cooled in C, it falls to the bottom of the autoclave 
through the hot mass therein, thus contributing to the thorough inter- 

1 English patent 8403, 1885 ; Journ. Soc. (Jhem. Ind ., 1886, 432. Cp. also E. 
Haehl, German patent 51,462, 1889. 
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mixing of the fat and water. This plav repeats itself whilst the pressure 
on the autoclaves is kept up at 15 atmospheres for eight hours. The 
hydrolysed mass is then forced through pipe b into the vessel D, in 
which separation into two layers an upper laver *»f fatty acids and a 
lower layer of glycerin water {" sweet water ) takes place. The heat- 
ing of the autoclave by direct lire is, however, a serious disadvantage 
of the process, as this may lead to the burning of the fat. Therefore, 
Michel’s method is less acceptable than Huifhes'. The autoclaves. were 
shown at the Paris -Exhibition of ISS'd, but, as far as the writer is aware, 
the process lias not been adopted in Europe. 1 

Since the pressure and the temperature of steam stand in a. definite' 
relation to each other, it follows that high-pressure steam may be 
replaced by superheated steam standing under ordinary pressure. 
Hence hydrolysis should become feasible by treating fats with super- 
heated steam at a. sufficient! v high temperature. A process based on 
the hydrolysis of fats by means of steam under the ordinary pressure 
was patented as early as the year 1S25. 2 but it did not gain practical 
importance until Wilson and l\ufnc^ took out their patent for “ im- 
provements in distilling fatty and oily matters." In their process 
glycerides were heated in a still, whilst superheated steam was sent 
through the fatty mass, the temperature of which was kept between 
550° and 000° E. Tin* products of hydrolysis, viz. the fatty acids and 
glycerol, were curried over by the water vapours. The apparatus 
employed was similar to the one illustrated in fig. It). Although this 
process was worked for a number of years it has been abandoned, since 
considerable quantities of fatty matter underwent destruction. 

Lewhnvitsdf 1 endeavoured to render this mode of hydrolysing 
practicable by heating the fats in a. current, of superheated steam in 
ce'c no. This process also proved unrejuunei*it ive, and has therefore 
been abandoned. Essentially the same process, with the modification 
that an electric current is sent through the fats or that a galvanic, couple 
is fixed inside the vessel, has been patented.-' The use of an electrolysed 
salt solution containing a small amount of free soda has been proposed 
by Andmull . 6 

The products of hydrolysis oht aim'd in II mjhvs and .1/ u hd s processes 
are treated in the same ’manner as those obtained in the. following 
processes. 


(2) Aqueous Saponification with the Assistance ok Bases 

The chemical equation symbolising the saponification of fats by 
means of bases has been “ivon, Y«l. I.Cha|». U. It lavs also been shown 

. A process of hydrolysing >-*>■' high !»-;»-,«■ .ill. M of M,lpl,„r„„s acid has 
been patented by Bndde and Robertson, K.«l.sh patent oil,., U<U. 

1 JSgE £5 ml op. also Clwyaia*, Knobs, . patent SUM, 1*10. 

4 English patent iiith* w jj ;irvi . v .„„| Simps English patents 20,917, 

l^flTwOft CpValao Magnie.;. bonier, aa.l Tissier, below; “Conversion of 

Oleic Acid into Candle Material." 

6 French patent 404,248. 
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there that in order to effect complete saponification in an open vessel, 
larger quantity of base 1 ? is required than theory demands. Inde|d ; m 
lime be used, the proportion of caustic lime — CaO— must be. 12-1® 
per cent instead of the theoretical quantity of 9*7 per cent. . jJi 

The technical process based on the saponification of oils ajid fat|* 
by means of 12-14 per cent of lime and leading to the conversion 
the total fatty acids into lime soaps is due to de Milly . 1 The, fat, #' 
churned up with water in an open lead-lined vat by means of live steamy 
sent into the emulsion through an open coil ; whilst the mass is kept in, 
ebullition, caustic lime previously slaked and made into a thin cream 
is gradually introduced. The boiling is kept up until the saponificattfnj 
is complete ; this is readily recognised by the lime soap separating froncf 
the water in a curdy form. The glycerin water — “ sweet water -is, 
then run off, the still soft lime soap is washed to remove occluded 
glycerol, and is then decomposed with sulphuric acid. In the older' 
methods the lime soap was allowed to cool, when it settled as a hard 
mass — “ rock ” — from which the supernatant glycerin solution was run 
off. This hard lime soap was then washed, reduced to powder by 
grinding, and decomposed with sulphuric acid, when the calcium was 
precipitated as sulphate, whilst the liberated fatty acids rose to the top 
as a clear oily layer. The fatty acids and the glycerin— 4 sweet water ” 
— are worked up for candle material and crude glycerin, as will be 
described below. 

The large amount of lime (and consequently the large amount of 
sulphuric acid) required in this process renders it, a very costly one, 
so that it has been largely superseded by methods of saponification, 
under pressure (see below). Still, the simple and inexpensive installa- 
tion required for the operation, and the case with which it can be carried 
out/ combined with the, fact that the fatty acids so obtained yield the 
best and purest candle material, have been instrumental in keeping this 
process alive, especially in small works. 

A modification of this method has been worked out during latter 
years by Krebitz . 2 The saponification with lime is in principle the same 
as described above;, with this difference, however, that the fat is not 
boiled with the lime until separation of the lime soap takes place, but 
that the lime water is brought into a state of complete emulsion with 
the oil and fat at a temperature; not exceeding 100° 0. This emulsion 
is then allowed to stand over pight, when saponification takes place 
spontaneously, and a softish mass results which occludes the water 
introduced with the lime and the glycerol formed. This mass does not 
offer as much difficulty in grinding as the “ rock ” does. The ground 
lime-powder is then washed free from glycerol, when the lime soap is 
ready for further treatment. This process is unsuitable for candle-works. 
It has been introduced in some small continental soap-works working 
up low-class bone fats, where the ground lime soap is converted into 

1 The first patent by de Milly et Motard«(183!l) claims the saponification by means 
of lime in a closed vessel, the quantity of lime used not being mentioned. The patent 
of Chevreul and (lay 1ms, sac (1825) claimed saponification by means of potash and 
decomposing the soap. 

2 German patent 155,108. 



taouoie irecun^wsitidn sbdi&i ^s^c^ate sg 
4 u gaftp Manufacture ”). The chief advantage of this modifi 


^Ske' liijxe 'saponifirtition process lies in the fact that, the Kme'^y^ 
^i^aina qnly a moderate amount of water, is very porous, and therefojffe^ 
: v Uiiftble for grinding if to powder. C. Fcrrier 1 claims to obtain the 
result, enabling the operator to maintain the steam at a tempera- ' 
.jj&3 pelow 1(X)° C., by carrying out the saponification in an “ auto- 
^e ^’ uhder a partial vacuum. 

establishments reasons of economy render a reduction of 



the proportion of bases ami acid imperative. Such reduction is possible 
through treating the fats with milk of lime in an autoclave under 
pressure. It has been shown in Yol. 1. (Jliap. II. that as the pressure 
rises the amount of bases may be reduced, the bases merely acting as 
accelerators. Hence the greater the pressure the less bases need be 
used. 

In the modern practice of candle-works autoclaves arc therefore 
worked at a pressure of about eight atmospheres (=120 lbs. per square 
inch). At this pressure, when employing about 3 per cent of lime with 
the fat, it is practically completely hydrolysed. The autoclaves in use 
are illustrated by Figs. 11 and 12. That shown in Fig. 11 consists of a 

French patent 306,460. 
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cylindrical vessel made of copper, strong enough to withstand a working 
pressure of eight atmospheres, and provided with an internal steam pipe 
which reaches the bottom of the vessel. In Fig. 11 the steam leaves at 
the bottom of the serrated cone, and is thus divided into a number of 
streamlets which churn the mixture of fat and water into a thorough 
emulsion. The water and fat, in the proportion of 1 to 3, or 1 to 4, as 
also the milk of lime, are fed through the funnel-shaped vessel at the side 
of the autoclave. 

The following tables will be found of assistance to the works’ 
chemist : — 


Milk of Lime in Degrees Baumi obtained from 1 Kilogram 
of Caustic Lime 


1 Kilogram Caustic Linm 
yields Milk of Lime of 

Weight of Milk 
of Lime. 

Kilograms. 

1 Kilogram Caustic, Lime 
yields Milk of Lime of 

Weight of Milk 
of Lime. 

Degrees 

Baumc. 

Litres. 

Degrees 

Ban 1116. 

Litres. 

Kilograms. 

10 

7-50 

9'44 

38 

3 '39 

5-07 

11 

7i0 

9'01 

39 

3'37 

5 '05 

12 

0*70 

8 '(50 

40 

3'35 

5 '03 

IS 

0-30 

8-20 

41 

3 '34 

5 '01 

14 

5*88 

7-80 

42 

3 '32 

5 '00 

10 

5 TO 

7 '43 

43 

3 '31 

4 '98 

10 

5 '25 

7'16 

41 

3 '30 

4 '96 

17 

5-01 

6 '92 

45 

3'29 

4'95 

18 

4-80 

670 

16 

3 '28 

4 93 

19 

4-08 

6'51 

47 

3'27 

4'92 

20 

4 12 

6'38 

48 

3*26 

4 '90 

21 

4 '24 

6 '18 

49 

3'25 

4 '89 

22 

4'1« 

6 05 

50 

3 '24 

4 '88 

23 

4-05 

5'92 j 

51 

3 '23 

4'87 

24 

3 '95 

5'81 

52 

3 '220 

4 '86 

25 

3 '87 

572 

| 53 

3 '215 

4 '85 

20 

3*81 

5 '63 ! 

! 54 

3'210 

4'84 

27 

3*75 

5 '56 

55 

3'205 

4-83 

28 

3*70 

5 '49 

; 56 

3 '200 

4 '82 

29 

3'05 

5 ‘43 

i 57 

3 '195 

4 '81 

30 

3 '00 

5'36 

| 58 

3'190 

4-800 

31 i 

3'50 

5 '31 ’ 

; 59 

3 '185 

4 795 

32 

3 '52 

5 '27 :i 

1 60 

3 '180 

4790 

33 

3*40 

5'22 

! 61 

3'175 

4780 

34 

3 '47 

5 '19 

62 

3'170 

4775 

35 

3 '45 

5 '16 1 

63 

3'105 

4 770 

36 

3 43 

5'13 | 

64 

1 3'160 

4760 

37 

! 8-41 | 

1 1 

5'10 1 

65 

3'150 

4750 


[Table 
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Percentages of Caustic Lime in Milk of Lime 


Degrees 

Jlaum6. 

. Per cent. 

100 Litres 
contain Kilo- 
grams CaO. 

Degrees 

lianm£. 

Per cent. 

100 Litres 
contain Kilo- 
grams CaO. 

10 

10-60 

13-3 

38 

39-72 

29-5 

11 

11*12 

14-2 

39 

19-80 

29-6 

12 

11*65 

15-2 

40 

19-88 

29-8 

13 

12-16 

16-1 

41 

19-90 

29-9 

14 

12-68 

17-0 

42 

20-03 

30 1 

15 

13-20 

18-0 

43 

20-10 

30-2 

16 

13-72 

18-9 

44 

20-16 

30*3 

17 

14-25 

19-8 

45 

20-22 

30-4 

18 

14-77 

20-7 

46 

20-27 

30*5 

19 

.15-23 

21 *6 

17 

20-32 

30*6 

20 

15-68 

22-4 

48 

20*37 

30-7 


16-10 

23-3 

49 

20-43 

307 

1 22 ' • 

16-52 

21-0 

50 

20-48 

30-8 

V 23 

16-90 

24 7 

51 

20-53 

30-9 

*•'••• 24 

17-23 

25-3 

52 

20-57 

31-0 

M 25 

17-52 

25-8 

53 

20-62 

31-1 

* i 26 

17-78 

26 ’3 

51 

20*66 

31*1 

1 27 

18-04 

26-7 

55 

20-70 

31-2 

28 

18*26 

27 -0 

56 

2071 

31-3 

29 

18-46 

27-4 

57 

20-78 

31-3 

30 

18-67 

27*7 

58 

20-82 

31-4 

31 

18-86 

27-9 

59 

20*85 

31-4 

32 

19-02 

2S-2 

60 

20-89 

31-5 

33 

19*17 

28-4 

61 

20-93 

31-5 

34 

19-31 

287 

02 

20-97 

31-6 

35 

19-43 

28-9 

63 

21-00 

31-6 

36 

19-53 

29-1 

04 

21-03 

317 

37 

19*63 

29-3 

ll 

65 

2 L 05 ■ 

31-7 


Sulphuric Jcid required to saturate 100 Kilograms of lime 


Degrees 

Ilaum6. 

Containing Ac- id 

Per cent. 

Kilograms Acid 
required for 
100 Kilograms 
CaO. 

66 

100-0 

175-0 

65 

97 -04 

180-3 

61 

94-10 

186-0 

63 

91-16 

196*5 

62 

88-22 

198-4 

61 

85-28 

205-2 

60 

82-24 

212-5 

59 

8072 

216-8 

58 

79-12 

221 -2 

57 

77-52 

226-0 

56 

75-92 

230-5 

55 

74-32 

235-4 

54 

72-70 

240-7 

53 

71-17 

245-9 

62 

69-30 

252-5 

51 

68-05 

267-2 

50 

66-49 

263-3 

49 

64-37 

271-9 

48 

62-80 

278-7 

47 

61-32 

285-4 

46 

59-85 

292-4 

45 

58-05 

302-0 


Kilograms Water to be added to 100 
Kilograms Acid to obtain Acid 
of Degrees Haume. 


&• n. 

10° 13. 

; i.v D. 

| 2D’ D. 

26° 13. 

2477 

1318 

! 831 

554 

400 

2171 

1313 I 820 

548 

395 

2165 

1303 

! S20 

543 

389 

2456 

1297 1 810 

532 

380 

2451 

1294 

807 

529 

376 

2446 

1288 

801 

525 

370 

2439 

1280 

794 

516 

362 

2134 

1276 

789 

512 

358 

2430 

1272 

785 

508 

354 

2425 

1267 

780 

503 

319 

2421 

1263 

775 

498 

341 

2416 

1255 

770 

| 494 

339 

2411 

1252 

766 

488 

331 

2405 

1247 

760 

481 

328 

2399 

1211 

754 

476 

322 

2394 

1235 

748 

471 

318 

2386 

1230 

743 

465 

314 

2379 

1222 

731 

457 

303 

2372 

1214 

727 1 

450 

297 

2366 

1208 

721 I 

443 

289 

2359 

1201 

714 1 

436 

272 

2340 

1188 

704 | 

427 

273 



212 TECHNOLOGY OF MANUFACTURED OILS, FATS, AND WAXES oh. 

When the autoclave is charged, steam is turned on and the vessel is 
kept at a pressure of eight atmospheres for about eight to ten hours. 

The progress of hydrolysis is controlled by drawing samples from 
time to time, and ascertaining the amount of free fatty acids, in the 
manner illustrated by the example given in Vol. I. Chap. XI. It should 
be noted that the samples contain lime soap, and it is therefore necessary 
to boil them with dilute sulphuric acid so as to obtain a mixture of 
neutral fat and free fatty acids. 

The following table illustrates the sampling of tallow saponified in 
an autoclave with 3 per cent of lime, at a pressure of eight atmospheres: — 

Sample taken after the 1st hour contained 38-55 per cent free fatty acids. 




2nd „ 

77-40 

9f 

O 91 



3rd „ 

83-9 




n 

4th „ 

„ 87-5 




yy 

5th „ 

„ 88-6 




yy 

6th „ 

„ 89-3 




yy 

7th „ 

„ 93-0 




y) 

8th „ 

„ 97-5 





mh „ 

„ 98-1 




„ 

10th „ 

„ 98-0 





Fig. 12. 


Another form of autoclave is shown in Fig. 12 ; the agitation, 
effected by steam, is assisted by a mechanical stirring arrangement. 



XV 


LIME SAPONIFICATION 


213 


A horizontal form of autoclave fitted with a stirring arrangement 
of a different kind is illustrated by Fig. 13. 

Since the cylindrical autoclaves arc liable to be bulged out by the 
high pressure, they would at last, if the bulging took place progressively 



in a regular manner, assume the shape of a sphere. Hence spherical 
autoclaves (first suggested by L. Bottom of CJenoa) are also in vogue. 



Fig. u. 

An autoclave of this kind, provided with a stirring arrangement, is 
shpwn in Fig. 14. 

A large number of modifications in the apparatus, purporting to 
effect a better intermixture of tho bases with fat and water, have been 
proposed during recent years. Since none of them has been able to 
replace the above-described autoclaves, the specifications of the patentees 
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can only be referred to briefly. 1 Perrelet claims 2 to promote intermix- 
ture by pulverising the reacting masses by means of steam injectors. 
In the author’s opinion the injectors would become blocked up very 
soon. 0. Mannig 3 places a kind of fractionating column on the auto- 
clave. 

In the processes considered here the hydrolysis reaches as high a 
figure as 98-99 per cent. If the temperature, time, and amount of 
reagent be reduced, the hydrolysis will not reach so high a degree, 
only about 96-97 per cent of free fatty acids being formed. When 
the saponification is deemed to be complete, the saponified mass 
is allowed to stand in the autoclave until it has separated into two 
layers : glycerin water — “ sweet water ” — and an upper layer of 
fatty acids, containing as much lime soap as corresponds to the 
lime introduced into the autoclave. These two layers are either 
pumped separately into store vats or, in order to save time, and also 
to* keep the autoclave from standing idle, the whole mass may be 
pumped into a settling vat, where the separation into two layers takes 
place. The further working up of the glycerin solution into “ crude 
saponification glycerin ” will be considered under the heading “ Gly- 
cerin,” below. The fatty layer is boiled up with steam, and sufficient 
sulphuric acid 4 is added to decompose the lime soap. On allowing to 
stand, most of the calcium sulphate separates out at the bottom of the 
aqueous layer, whereas the fatty acids form a clear oily layer on the top. 
They are washed carefully with dilute acid to remove the last traces of 
lime. Some manufacturers precipitate the lime in the last stages as 
oxalate. 

In place of lime, magnesia, 5 and zinc oxide, to which latter also zinc 
dust is added, 6 are also employed as “ accelerators.” The advantages 
• which magnesia and zinc oxide offer would lie in that they do not yield 
a precipitate on decomposing the autoclaved fatty matter with sulphuric 
acid. This advantage is, however, counterbalanced by the fact that 
hydrolysis is not so readily cfFected by means of magnesia, at any rate 
in the case of tallow and palm oil, as by means of lime. Experience 
gained on a large scale has shown that tallow, autoclaved with 3 per 
cent of magnesia under the same conditions as with 3 per cent of lime, 
is hydrolysed only to the extent of about 96 per cent. In order to 
reach as good a result as is obtained by means of lime, the working 
pressure or (and) the length of time must be increased, as will be readily 
gathered from the theoretical principles explained in Yol. I. Chap. II. 
This is indeed borne out by the experiments, due to KassUr , 7 given in 

1 Cp. L. Riviere, French patent 352, 182 ; C. Mason, F. G. Geldart, and P. J. Fryer, 
English patent 7561, 1 907. 

2 French patent 322,777 ; United States patent 736,007 ; German patent 155,542 ; 
English patent 15,586, 1902. 

3 German patent 160,111, and German Registered Trade Mark 219,275. 4 

4 L. Riviere, French patent 10,495 (3rd edition to French patent 374,179) patents 
the employment of sodium bisulphatc (nitre cake) in place of sulphuric acid. 

0 First proposed by Freestone, English patent 7573, 1884. 

fl Patented by Michaud. 

7 Seifenskder Zdt., 1902, 312. 
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the following table. They should be looked upon as a corollary to the 
table given above (p. 212). 

Saponification of Shea Butter with 3 per cent of Magnesia at a 
Pressure of 9 Atmospheres 

Free Fatty Acids. 

Per cent. 

a. b. 


Sample taken after tho 1st hour contained . 

. 61-4 

63*2 

„ „ 2nd 

. . 80-2 

81*9 

„ » 3rd „ 

. . 90-2 

90*1 

» „ 4th „ 

91*1 

94-8 

n i> 5th ,, . 

. 95*4 

95-7 

„ * „ 6th 

. 95*6 

97-1 

ii ii 7 th ,, . 

96-6 

97-1 

,1 ii 3th „ 

. 98-1 

98-0 


, The pressure being higher than in the case of lime, discoloration 
pf the fatty acids takes place to a somewhat greater extent, and the 
resulting “ sweet water ” is more dilute. The chief disadvantage of 
magnesia lies, however, in the fact that it frequently gives emulsions, 
which are very troublesome, as they do not separate even after pro- 
longed standing, and also that the saponification is less complete. 

Zinc oxide does not oiler these disadvantages, but its higher cost 
outweighs the benefit' derived from its use. A small percentage of zinc 
oxide or zinc dust is, however, frequently used conjointly with lime, as 
the discoloration of the fatty acids is thereby somewhat diminished 
(cp. Soap Manufacture ”). 

Ammonia, which (as a strong base) assists the hydrolysis of fats 
by water, has frequently been suggested and patented as a saponifying 
agent. 1 The properties of ammonia render it imperative to carry out 
the hydrolysis under pressure, and several inventors have patented 
special autoclaves for this purpose. As none of these suggestions has 
found practical application, the reader must be referred to the patents 
mentioned in the footnote. 2 * Barhe , Garelli , and de Paoli 3 claim that 
the total ammonia used is recovered by treating the ammonia soaps 
formed in a current of steam, when ammonia is volatilised whilst the 
free fatty acids remain behind. 

As a curiosity, there may also be mentioned the proposal 4 to use 
aluminium soaps (of fatty acids or of rosin acids). 

According to the fatty material employed, the composition of the 
resulting fatty acids will naturally vary. The chief materials employed 
hitherto, at any rate in this country, in the saponification processes 
described above, are tallow and palm oil, 5 or a mixture of both ; hence 

1 Cp. Vol. T. Chap. 1. 

2 Barbu, Garelli, and de Paoli protect tlio use of ammonia by French patent 372,341 
and 1st Addition No. 9255 ; cp. also Glatz, United States patent 819,646. 

8 German patent 209,537. 

4 Bncli, French patent 371,416. 

8 Palm oil was first suggested as a candle-making material by llempel and Blundel 
in 1836. 
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it may be taken that the fatty acids consist approximately of 50 per 
cent of solid acids and 50 per cent of oleic acid. Bone fat, especially on 
the Continent, is also largely “ autoclaved ” for candle-making purposes. 
The kind employed for this purpose is benzine-extracted bone fat, which 
is unsuitable for soap-making purposes. Since candles made exclusively 
from bone fat stearine are soft and friable, it is customary to make up 
the charges for the autoclave from a mixture of bone fat and other fats. 
With regard to goat’s tallow as a candle material see Vol. II. “ Tallow.” 
Under bone fat are also comprised “ Greases ” (see Chap. XVI.). 

“ Cotton seed stearine ” of a high titer test — above 40° C. — is also 
, used to some extent as a raw material for candle-making purposes. 

In the United States that lard stearine which is unlit for edible 
purposes is not infrequently converted into candle material by the 
autoclave process. A sample of such material examined in the author’s 
laboratory had the melting point 125 y F.=5M° C. 

The employment of palm oil is somewhat restricted on the Continent, 
and other vegetable fats— such as vegetable"tallow, shea butter, mowrah 



Fin. 15. 


seed oil are in use. The commercial exploitation of the large supplies 
of vegetable fats suitable for the candle industry has not yet, however, 
attracted such attention from importers as this subject deserves. 1 
Recently ucuhuba fat has been “ patented ” as a candle-making material 
(see Vol. II.). 2 

Since oleic acid is useless as a candle material, the next operation 
is to effect its removal from the mixed fatty acids. Hitherto this has 
been principally effected by pressing the mixed fatty acids. The crude 
acids, after being thoroughly freed from mineral acid, are run into 
shallow trays arranged in tiers, in which the fatty acids are allowed to 
crystallise. These trays of nickel plated metal are best placed in a room 
which can be kept at any desired low temperature ; hence this room 
is fitted with cooling coils fed with cold brine from a refrigerating 
plant. The temperature at which the crystallisation takes place 
is carefully regulated, so as to obtain well-formed crystals of 
stearic and palmitic acids embedded in the mother liquor of 

1 Cp. Levvkowitfidi, Cantor Lectures, Juurn. Snc. Arts, 1904. 

2 Cornpanhia Luz Stearica, French patent 394,362. 
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oleic acid. If the fatty acids are cooled too rapidly, they solidify 
to an amorphous mass, from which it is extremely difficult to 
express the oleic acid satisfactorily (the mass “ spues ”). The 
solidified mass is taken out of the trays and pressed, at first at the 
ordinary temperature in a cold press, such as is shown in Fig. 15. The 
bulk of the oleic acid — “ red oil ” — is thereby removed. The hard 
cakes still contain too much oleic acid, and are therefore pressed a second 
time, at a somewhat higher temperature, in a hot press (Fig. 16), the 
cakes being placed in a bag of horse-liair, or other suitable material, 
between two press plates which arc heated by live steam. In the figure 
shown the steam is supplied from above ; but since the stuffing-boxes, 
owing to the wear and tear to which they are subjected, require frequent 
renewing, the^team is supplied in more modem presses from below. 

The cakes are allowed to stand under pressure in the hot until a , 



Fiff. 16. 


sufficient amount of oleic acid has been expressed to leave them white, 
ready to be melted (after a further purification to remove the last traces 
of lime) and to be moulded into candles. The oleic acid which runs from 
the hot-pressed cakes contains a considerable amount of solid acids 
(“ stearine ”). They are recovered either by admixing the material 
to a fresh batch of the original fatty acids, or by subjecting it, together 
with the “ red oil,” to a process of cooling in the refrigerating plant. 

If the “ stearine ” be not sufficiently white, the mixed fatty acids 
are subjected to distillation previous to being pressed (see p. 227). 

Another method, patented by Lanza } for separating oleic acid from 
the solid acids dispenses altogether with the cold and hot presses. 
This method is based on the property of a dilute solution of stearo- 
sulphuric acid ^(prepared by dissolving the product of reaction of con- 
centrated sulphuric acid on oleic acid in water) to dissolve oleic acid 

1 French patent 352,337 : French patent 360,157 ; English patent 11,8//, 1906 ; 
German patent 191,238. 
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only, whereas the solid fatty acids remain undissolved. 1 The solid 
fatty acids are separated from the liquid acids by filtration much in 
the same manner as crystals are separated from their mother liquor. 
The author has seen this process carried out on a large scale ; the solid 
acids so obtained were as good in colour as those obtained in the hot 
press. 

The proposal, patented by Chevreul and Gay Lussac in 1825, viz. 
to separate the solid acids from the oleic acid by alcohol, has been again 
subjected to an experimental examination by Pastrovich , 2 but neither 
his efforts nor those of Gharitschkqff 3 to effect the same purpose by 
means of benzene and alcohol have any practical interest. 

For the separation of solid from liquid acids by means of their 
ammonium soaps, in a current of steam when the ammftnium soaps of 
the solid acids arc decomposed first or by dissolving the mixed am- 
monium soaps in cold water, in which the oleate is easily soluble, whereas 
the palmitic and stearic oleates are sparingly soluble, cp. Barbe, 
Garelli , and. de Paoli . 4 

The amount of oleic acid in the cold-pressed (or hot-pressed) cakes 
is most rapidly determined by ascertaining the iodine value of the 
material. In this manner the pressing operations are readily controlled. 
(It should be noted that the expressed “ oleine ” contains most of the 
neutral fat which has escaped saponification in the autoclave process.) 
For the rapid conversion of the iodine values into percentages of oleic 
acid, the following table, calculated by Mangold , may be found useful 
in a works’ laboratory. The “ stearine ” of the table represents a 
mixture of palmitic and stearic acids. 

1 Cp. Vol. I. Chap. VIII. Essentially the same process is patented by Twitchell, 
United States patent 918,612, using the sulpho-fatty aromatic acid. 

2 Chem. Rente, 1904, 1. 3 Ibid., 190f>, 106. 

4 German patent 209,537. 
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Iodine 

Value. 

Product contains 

Iodine 

Value. 

■ Product contains 

Iodine 

Value. 

Product contain^ 

Oleic acid. 
Per cent. 

“Stearine.” 
Per cent. 

Oleic acid. 
Per cent. 

“Stearino.” 
Per cent. 

Oleic acid. 
Per cent. 

“Stearine." 
Per cent. 

0 

0 

100 . 

31 

34-41 

65-59 

62 

68-83 

31-17 . 

1 

Ml 

98-89 

32 

35*52 

64 -48 

63 

69-94 

30-06 

2 

2-22 

97 7 8 

33 

36 *63 

63-37 

64 

71-05 

28-95 

3 

3*33 

96-67 

34 

3774 

62-26 

65 

72-16 

27-84 

4 

4.44 

95-56 

35 

38-85 

61*15 

66 

73-27 

26-73 

5 

5*55 

94-45 

36 

39-96 

60*04 

67 

74-38 

25-62 

6 

6 ‘66 

93-34 

37 

41-07 

58*93 

68 

75-49 

24-51 

7 

777 

92-23 

38 

42*18 

57-82 

69 

76-60 

23-40 

8 

8*88 

91*12 

39 

43*29 

56-71 

70 

7771 

22-29 

9 

9-99 

90*01 

40 

44-40 

55*60 

71 

78-82 

21-18 

10 

11*10 

88-90 

41 

45-51 

54-49 

72 

79-93 

20-07 

11 

12*21 

8779 

42 

46-62 

53-38 

73 

81-04 

18*96 

12 

13-32 

86-68 

43 

4773 

52-27 

74 

82*15 

17*85 

13 

14-43 

85-57 

44 

48-84 

51-16 

75 

83-26 

1674 

14 - 

15-54 

84-46 

45 

49-95 

50-05 

76 

84-37 

15-63 

15" 

16*65 

83-35 

46 

51-06 

48-94 

77 

85-48 

11-52 


17*76 

82-24 

47 

52-17 

47-83 

78 

86*59 

13-41 

' T 

18*87 

81*13 

48 

53-28 

46'72 

79 

87*70 

12*30 

' 18 

19-98 

80-02 

49 

54-39 

45-61 

80 

88-82 

11-18 

19 

21*09 

78-91 

50 

55-50 

44*49 

81 

89-93 

10*07 

20 

22-20 

77-80 

51, 

56-62 

43*38 

82 

91-04 

8*96 

21 

23*31 

76-69 

52 

57-73 

42-27 

83 

92-15 

7-85 

22 

24 *42 

75*58 

53 

58-84 

41-16 

84 

93-26 

6*74 

23 

25-53 

74-47 

54 

59-95 

40*05 

85 

94-37 

5*63 

24 

26*64 

73*36 

55 

61-06 

38-91 

86 

95-48 

4*52 

25 

2775 

72-25 

56 

62-17 

37*83 

87 

96-59 

3*41 

26 

28-86 

71-14 

57 

63-28 

36*72 

88 

97*70 

2*30 

27 

29-97 

70-03 

58 

64-39 

35-61 

89 

98-81 

1*19 

28 

31*08 

68-92 

59 

65-50 

34-50 

90-07 

100 

0 

29 

32*19 

67-81 

60 

66-61 

33*39 




30 

33*30 

66*70 

61 

67-72 

32-28 





A more direct method of carrying out the valuation of the solid 
acids is to determine their solidifying point. 

The following tables due to Carlinfanti and Levi-Malvano may be 
found useful here : — 


Per cent. 


Stearic Acid. 


Palmitic Acid. 


Solidifying 
Point. 
u c. 


100 

! 0 

90 

10 

80 

20 

70 

30 

00 

40 

50 

50 

40 

10 

30 

70 

20 

80 

10 

90 

0 

100 


68-2 

65-00 

63-50 

60-80 

57- 65 
56-25 
55-00 

54- 75 

55- 75 

58- 40 
61 
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Per cent. 

Solidifying 

— - 


Point. 

Stearic Acid, 

Oleic Acid. 

°C. 

0 

100 

9 

5 

95 

23-45 

15 

85 

34-25 

25 

75 

46-6 

35 

65 

51-90 

46 

54 

1 55-95 

55 

45 

58-65 

65 

35 

61-25 

75 

i 25 

63-40 

85 

15 

65-40 

95 

5 

67-15 »' 

100 

0 

68-2 


Per cent. 


Solidifying 


Palmitic Acid. 

Oleic Acid. 

Point. 

0 u. 

100 

0 

61 

90 

10 

59-20 

80 

20 

57-30 

70 

30 

55-10 

60 

40 

52-60 

50 

50 

49-75 

! 40 

60 

46-25 

I 30 

70 ! 

41-60 

20 

80 i 

35 

10 

90 

24-80 

o 

100 

9 


Y. de Schepper and Geitel 1 recommend each candle-works’ chemist 
to construct an empirical table for his own use, from which the yield 
of candle material can be found at a glance. Such an empirical table 
is computed by mixing the finished product “ stearine ” and the finished 
oleic acid as manufactured in the works in known proportions, and 
determining the solidifying points of these mixtures. Of course a 
separate table must be constructed for each kind of fat or mixture of 
fats, and it must be emphasised that a table of this kind holds good only 
for the particular works for which it is constructed, as the solidifying 
points of the mixed fatty acids and the yields of candle material natur- 
ally differ considerably under varying conditions. 

The following table, due to de Schepper and Geitel , affords the neces- 
sary guidance (cp. also table, p. 229) : — 


DiwjL. I’nlyt. Journ. 245, 295. 
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Solidifying 
Point of the 
Mixture. 

Stearine of 
Solidifying 
Point 48° C. 

Solidifying 
Point of the 
Mixturo. 

Stearine of 
Solidifying 
Point 4S* C. 

Solidifying 
Point of the 
Mixture. 

Stearine of 
Solidifying 
Point 48° C. 

'0. 

Ter cent. 

"C. 

Per cent. 

•c. 

Per cent. 

5'4 


20 

12 '1 

35 

39*5 

6 

0*3 

21 

13-2 

36 

43*0 

7 

0-8 

22 

14*5 

37 

46*9 

8 

1'2 

23 

157 

38 

50*5 

9 

1-7 

24 

17-0 

39 

54*5 

10 

2*5 

25 

18-5 

40 

58*9 

11 

3’2 

26 

20-0 

41 

63*6 

12 

3'8 

27 

1 217 

42 

68*5 

13 

4 7 

28 

23 3 

43 

73*5 

14 

6'6 

29 

2. r 2 

44 

78*9 

15 

• 6'6 

30 

27*2 

45 

83*5 

16 

77 

31 

29*2 

46 

89*0 

17 

8-8 

32 

31-5 

47 

94*1 

18 

9-8 

33 

33 ‘8 

48 

100*0 

19 

11 T 

34 

36*6 




1 

If the amount of stearic acid in the material be required, its pro- 
portion is ascertained by the method described (Yol. I. Chap. VIII.). 


The “ stearine ” contained in tlie “ red oil ” (and in the runnings 
from the hot press) is recovered in the refrigerating plant by cooling 
the liquid mass. Various appliances are in vogue. The simplest plan 
is to refrigerate the oil in large tanks fitted with a row of coils through 
which cooled brine or calcium chloride solution is pumped. Some 
manufacturers cool small quantities in mixing vessels, so as to be able 
to stir the cooled mass. The process requires attention, as the success 
of the operation depends on the separation of well -formed crystals. 
These are readily separated from the oleic acid by means of a filter press. 

A more rapid method of cooling consists in allowing the red oil to 
run over a refrigerating wheel— Petit's wheel, Fig. 17 (cp. “ Lard Cool- 
ing,” Vol. II. Chap. XIV.). This wheel is shown partly in section. 
The cooled brine enters at C, runs along the circumference of the wheel, 
and leaves at the opposite side. The oleine is fed into trough /, into 
which dips the rotating wheel, carrying with it upwards a thin film 
of oleic acid, which is thus rapidly cooled, and deposits crystals of 
“ stearine.” The crystalline mass on reaching the scraper h is 
scraped off and the sludgy mass is collected in the cooled vessel F, from 
which it is pumped through pump V into a filter-press. The crystals 
form an intermediate product, and are mixed with the crude candle 
material at a suitable stage of the process. 

In place of Petit’s wheel the cooler used in the lard industry (Vol. II. 
p. 692) may be employed. The greatest attention must be paid to the 
production of well-formed crystals, which is most readily obtained by 
slow cooling. 

Yield of the Process . — The yield of candle material by the autoclave 
process depends, of course, on the melting points of the finished “ stear- 
ine,” and on the completeness with which the “ stearine ” is recovered 
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from the “ red oil.” It mav, however, be taken as Efficiently accurate 
that the amount of high melting “ stearine ” from tallow or palm oil, 
or a mixture of both, varies from 45 to 47 per cent of the raw material, 
about 30 per cent being obtained from the hot press and the remainder 
from the refrigerated “ red oil.” The proportion of finished oleic acid, 
“ oleine,” amounts to 47-48 per cent. If a stearin of somewhat lower 
melting point be aimed at, the yield of stearine may reach 50-52 
per cent, with a consequent lower yield of oleic acid. In the cpse of 
good tallow, the yield of u saponification crude glycerin ” of specific 



Fig. 17. 


gravity 1*210 reaches 10 per cent. This is summarised in the following 
table : — 


Yield from 100 parts of Tallow hj the Autoclave Process 


| Candle*matcrial (stearic and palmitic acids) . 
j Oleic acid (containing unsaponified fat) . 
Crude glycerin, specific gravity 1*240 


| High Melting 

Lower Melting 

! Steurin. 

j . j 

Stearin. 

i 45-47 parts 

! 

50-52 parts 

48-47 „ 

43-42 „ 

| 10-10 „ 

10-10 „ 

103-104 parts 

103-104 parts 


The “ stearine ” is used as candle material either as such, or in 
admixture with paraffin wax, etc. (see below). The oleic acid, “ oleine,” 
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is either converted into textile soap or used as a wool oil (cp. p. 96). 
In the mixed process (see below) part of the oleic acid is converted into 
candle material. 

The production of “ crude saponification glycerine ” from the 
“ sweet water ” will be described under “ Glycerin.” 

If the fatty acids obtained by the. autoclave process be too dark, 
and hence do not yield a sufficiently white candle material, they must 
be' purified by distillation. 1 This is carried out in the same apparatus 
which is described under “ Sulphuric Acid Saponification,” and in the 
same manner as is detailed under “ Mixed Process ” (see below). 

Preparatory to the distillation the fatty acids are washed with dilute 
sulphuric acid to remove mineral substances (soaps, etc.) and finally 
washed free frofn acid and dried (see p. 226). 

In the distilling process the fatty acids do not undergo a chemical 
change (cp. Vol. I. Chap. III.), provided due care be observed in con- 
ducting,, the distillation. Since, however, the autoclaved mass contains 
some ipnall proportion of unsaponified fat, which goes on accumulating 
in tJi# still — especially if the still be fed continuously decomposition 
*of the unsaponitied fat finally takes place with formation of hydrocarbons 
(“ Destructive Distillation,” see Vol. I. Chap. I.). (In the case of 
autoclaved extracted bone fat, small amounts of hydrocarbons appear at 
the outset of the distillation.) Kassler 2 has shown that, if during the 
progress of distillation so much neutral fat has accumulated that its 
proportion reaches 12 to 15 per cent of the still contents, hydrocarbons 
are formed. 3 'Hence those portions of the distillate which are caught 
towards the end of the u run ” are collected separately (“ Still Returns”) 
and redistilled. 

In the following table the author lias compiled in tabular form the 
results of a number of large-scale experiments made by Kassler 4 with 
fatty acids from several kinds of fats. The neutral fats were hydrolysed 
in an autoclave with 2-6 to 3 per cent of magnesia at a pressure of 9 
atmospheres ; the autoclaved mass was freed from magnesia by dilute 
sulphuric acid : 


1 Dreyinann, German patent 21,838. 

“ Chem. Her tie, 1903, 151. 

3 Winter (German patent 170,503) states that, the formation of hydrocarbons does 
not take pfaee in the case of cocoa nut and palm nut oils. When these two oils are 
hydrolysed to an extent of 90 per cent the fatty acids are said to be completely removable 
by distillation in vacuo without any of the neutral fat becoming decomposed. 

4 Chem. Revue , 1902, 49 ; Seifensieilcr Zeit., 1902, 311, 329. 
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'Yield from Autoclaved Fatty Acidic 


i« v 

J No. 

V 


Quantity I Duration of Dial 
distilluil. j Distillation, fori 


Tons. 

About 


l’or cent 


1- 

Tallow stcarinc . i 

8 

3'1 

95*6 . 


2 

Vegetable tallow . 
Tallow 

f> 

: 35 

92-4 


3 

5 

36 

91 -2 


4 

Hone fat . . j 

f, 

i 38 

91-5 


i r> 

Palm oil . . ' 

r, 

87 

91*3 

A*"':" 

' G 

Siiea butter 

5*3 

2!* 

91'1 



In tlio followin'! table, due to Kussler. 1 are recorded the solidifyi 
points and th<* proportions of oleic acid calculated from the iodine vah 
of the distillates, as obtained from hour to hour, during a “ run ” :~ 

Distillation of Autoclaved Fatty Acids 


£ c 


Tallow Acids of 
Solidifying Point 
417° C., containing : 
Oleic Acid, 41 *5 
per cent ; Neutral 
Fat, 3*6 per cent. 


Bone Fat Acids of 
Solidifying Point 
3D •8° C., containing : 

Oleic Arid, C»0-4 
per cent ; Neutral 
Fat, 'l m h per cent. 


*• 0 
*a 



r/5 



cc 



CB 




r* u 

A* 

to 

i§£ 

!2 

’5 

< 

a 

J? 

o 

to 

o 

< 

o 

C 

| 

s 

to 

'So 

3 

'C 

<3 

a 

o 

so 

§ 

to 

k 

J 

> 

<t> 

1 

s 




2 


*3 





;=&< 

.£* 



A 

6 

a 

o 

00 

0 

a 


O 

>» 

o 

w 

V 

o 

a 


•c. 

Per 

Per 

“C. 

Per 

Per 


Per 

Per 

•c. 

Per 

Per 


cent. 

cent. 

cent. 

cent. 


cent. 

cent. 

cent, 

cent. 

5 

40 '4 

38*0 


37*2 

51*9 


43*8 

56*0 


48*9 

47*24 


6 

40*1 

38*3 


38*1 

54*9 


43*8 

56*2 


49*7 

47*72 


7 

407 

38*9 


38*1 

55*7 


43*8 

56*3 


50*5 

48*05 


8 

40-9 

38*9 

... 

38*3 

56 *2 


43*5 

56*7 


50*4 

48*04 

... 

9 

11*2 

39*5 


38*7 

56*5 


43*1 

56*9 


49*8 

48*37 


10 

41*3 

39*9 


38*8 

57*0 


43*1 

57*6 


50*3 

48*50 


11 

41*3 

40*5 


38*9 

57*6 


42*4 

58*8 


50*3 

48*50 


12 

41*3 

41*0 


38*9 

58*1 


42*2 

59*0 


50*8 

48*71 


13 

42*5. 

41*2 


39*2 

58*5 


42*0 

59*0 


50*8 

48*77 


14 

42*7 

41*5 


39*2 

59*4 


41*0 

59*0 


50*9 

48*97 


15 

42-9 

41*7 


I 39*2 

59*8 


40*8 

59*5 

... 

51*3 

49*14 


16 

43*0 

42*0 

! ... 

39*4 

59*9 

0*5 

40*5 

59*5 


51*3 

49*29 


17 

43-2 

i 42*5 


1 39*5 

60*7 

0*9 

40*1 

59*7 

0*5 

51*0 

50*66 


18 

43*4 

! 42*5 

| 

39*8 

60*9 

1 1*3 

39*8 

59*9 

1*1 

50*7 

51*00 


19 

i 43*6 

42*5 

... | 

40*0 j 

61*2 

1*8 

39*8 

60*4 | 

1*7 

51*1 

51*62 


20 

44 -5 

: 42*7 

1 

... i 

40*5 

61*2 ; 

2*2 

39*3 

60*8 : 

2*3 

51*1 

! 51*73 


21 

44*5 j 

42*7 

0*2 | 

40*3 

61*4 

2*9 

39*2 

61*1 : 

2*8 

50*9. 

| 51*40 


22 

44*6 ! 

42*8 

0*8 ! 

40*3 

61*6 

3*5 

39*1 ! 

62*0 i 

4*0 

50*9 1 

51*18 


23 

43*2 i 

43*0 

1*2 

40*0 

61*8 

3*8 

38*2 ! 

62*7 i 

4*5 

51*2 ! 

51*23 


24 

42*5 j 

43*1 

1*7 

39*0 

62 0 

4*2 

38*0 

63*4 1 

5*1 

51*3 

51*32 

... 

25 

40*0 j 

43*0 

2*9 

39 0 1 

62*1 

4*5 

38*0 

63*8 ! 

5*1 

51*3 

51*42 

0*34 

26 ! 



I 

... | 





| 


51*4 

51*59 

0*78 

27 



... ! 







51*5 

51*68 

0*92 

28 










51*3 

51*79 

2*80 

29 










51*3 

51*64 

3*56 

30 

1 









50*8 

51*52 

5*07 


Palm Oil Acids of 
Solidifying Point 
41 *6° C., containing : 
Oleic Acid, G0‘4 
j»or cent ; Neutral 
Fat, 2 D per cent. 


“1 


Sliea Butter Acids of 
Solidifying Pdint 
48-4’ C., containing 
Neutral Fat, 2 per 
cent. 


1 Seifensieder Zeit., 1902, 349. 




xV SULPHURIC ACID 

(3) Sulphuric Acid Saponification, Hydroi#$I9 mkan^s\ 
of Concentrated Sulphuric Aci»;4 

A, 

The theory of this process of hydrolysis has been d^ousaea m voi. jfc 
Chap. II. The technical operation 1 consists in rapidly-intern^ing fa« 
which has been heated previously to a temperature of 1&) 6 C. Or morc| 
(and thereby freed from the last traces of moisture) vritli 4 to 6,pfer ce e 
of concentrated sulphuric acid of 66°-67° Baume. If sulphuric, acid s 
lower strength be used, the hydrolysis is not complete, as will be‘ 
gathered from the table given in Vol. I. Chap. II. With the decrease 
of the strength of sulphuric acid, hydrolysis decreases rapidly ; an acid 
of 60 per cent S0 4 II 2 is no longer capabl^f effecting hydrolysis 0n^ 
practical, scale. The behaviour of sulphuric acid to the satur^ fi 
glycerides is of little practical importance, since sulphonated dOippqunas 
(of the glycerides as well as of the saturated fatty acids) that $rft formed . 
(if an} 7 ) arc subsequently decomposed, yielding the original Saturated 
acids practically unchanged. With olein, however (the less saturated 
glycerides need not be considered here, being of no practical importance 
in the manufacture of “ Stearine ”), the sulphuric acid forms saturated 
sulphonated compounds, a small quantity of sulphurous acid being 
at the same time evolved in consequence of secondary reactions setting 
in. These sulphonated compounds have the property of being serine- 
what readily hvdrolvsod on boiling with water (ep. tables, Vol. % 
Chap. II.). * ' , 

The higher the temperature to which the fat has been heated, and, 
the ’arger the percentage of sulphuric acid used, the more copious is 
the evolution of sulphurous acid and the further will the secondary 
reactions proceed. In order to reduce the destruction (carbonising)-, 
of organic matter, which necessarily leads to a lower yield of fatty acids, 
and especially of glycerin, great attention must be paid to' the following 
factors : — the preliminary purification of the fatty matter (by boiling 
with dilute sulphuric acid, etc.), the complete removal of moisture by 
heating over dry steam coils, quantity of sulphuric aci^g temperature, 
and time during which the acid is allowed to act on the fat. 'In order 
to ensure the most intimate contact of the fat with the acid within tb<e 
shortest possible time, various mixing machines are used. Mixing by 
means of air cannot be recommended, as this leads to deterioration 
the material and to appreciable losses. One type of apparatus is 
shown in Fig. 18. Other devices consist in pulverising the fatty m&tljpT 
by centrifugal force, etc. * 

The sulphonated mass is next run into boiling water and agitated, 
by steam until the sulphonated compounds arc hydrolysed. On sftlowr 
ing to stand, separation into two layers takes place :• a lower aqueous 
layer containing the sulphuric acid employed and also the glycerol, and 
an upper layer of fatty material. 

1 Cp. W. C. Jones and G. F. Wilson, English patent 9542, 1842 ; G. Gwynne jjnd 
G. F. Wilson, English patent 10,000, 1843 : G. F. Wilson, G. Gwynne, and J. P. Wilson, 
English patent 10,371, 1844 ; Fretny’s French patent dates from the year 1855; 
Dubovitz, English patent 2989, 1910. 

VOL. Ill 
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. *..mS fatty material, is, as a rule, so dhrk that it cannot be worked up 
“Impressing immediately after solidifying, in the manner described 
j,der (2). In order to obtain material of good colour the fatty mass 
_jiust be distilled. A type of apparatus employed for this purpose is 
ilustrated by Fig. 19. The fatty material, thoroughly freed from 
^lineral acid by washing with water, is charged into still A, where it 
is heated at first by direct fire. When the material is sufficiently hot, 
.current of steam, dried preliminarily in P and superheated in S, is 
-Produced through P r and the fatty acids arc thus carried over through 
D into the cooling worm R. The acids and the condensed water run 
. into box X, where their separation takes place, and any vapours escape 
^hrough G. The fatty material which is drawn off at Z represents a 
jinS^xture of liquid acids and candle material, which is pressed in the cold 
+ ^ A d subsequently in the hot as described above (p. 217).° A large 
number of patents have been taken for special forms of stills and for 



Fig. 18. 


processes claiming continuous feeding, distillation in vacuo , or both 
combined. The ovoid shape of the still shown in Fig. 19 1ms been 
largely replaced by stills of lenticular shape. In order to reduce the 
height to which the vapourised fatty acids must rise, as thereby the 
pressure must be increased, the condensing arrangements also vary 
widely. In the plant shown in Fig. 19 the whole distillate is obtained 
in one mass. Some manufacturers collect the distillate in several 
fractions, whereby the subsequent separation into solid and liquid 
material is somewhat simplified. This is attained by combining air 
cooling of the hottest distillate with water cooling of the less hot dis- 
tillates. The portions distilling over towards the end of the “ run ” are 
so dark coloured and contaminated with organic impurities (which as 
a rule is the case when the amount of neutral fat has accumulated in the 
still, so as to form about 12 per cent of its contents) that they must be 
redistilled, hence they are termed “ still returns ” (Herman, Blasen - 
retourgang). The distillation of such “ still returns ” is exemplified by 
the second table, p. 232. The best practice is to stop the distillation 
when dark-coloured distillates make their appearance and to remove 
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the still residue into a second still, where 

“ runs ” are allowed to accunfulate. These are then distilled separa^ 
preferably in vacuo, and the distillation is carried so far that only pil 
remains in the still (see “ Stearine Pitch/’ p. 249). In some works 
residues are again treated with concentrated sulphuric acid to hydrolysl 
the neutral fat accumulated therein and to remove the accumulated 
mineral matter (chiefly iron or copper derived from the material of the 
still). After washing out the acid, etc., the mass is subjected to the 
second distillation, until “ hard pitch ” is obtained (see p. 249). The 
fatty acids obtained are dark (especially the first and last runnings) ; 
hence they are redistilled by being admixed in small proportions with 
crude fatty acids undergoing their first distillation. In order to obtain 
a good yield it is essential that the fat has been hydrolysed as com- 
pletely as* possible or, in other words, that the crude fatty acids to be.. 



Kig. 19. 


distilled contain a very small amount of neutral fat. A high pro- 
portion of neutral fat gives rise to hydrocarbons which impair the 
crystallisation of the stearine. 

The acid saponification process leads to a greater yield of solid 
material than does the autoclave process. Whereas the candle material 
obtained by the latter process may reach 52 per cent (see p. 222), the 
yield of “ stearine ” by sulphuric acid saponification is from 61 to 63 
per cent ; hence only 30-32 per cent of oleic acid result as a by-product 
in this process, as against 47 per cent from the autoclave process. 

It is therefore evident that a certain amount of oleic acid has been 
converted into solid material. The chemical change taking place has 
already been incidentally explained in Vol. 1. Chap. III. Owing to the 
great technical importance of this chemical change, the conversion of 
oleic acid into candle material ” will be fully considered below (p. 232). 
It may therefore suffice here to state that in the acid saponifica- 
tion process from 15 to 17 per cent of oleic acid are converted into 
solid products, chiefly into stearolactone and isomeric solid oleic acid 
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f “-oleic ” acid, see Vol. 1. p. 149), with which small quantities of 
fflroxvstearic acid may be admixed. e ■ 

a *[n the early years of candle manufacture the acid saponification 
JJocess was applied to tallow and other fats of good quality on account 
the higher yield of candle material, the great loss of glycerin being 
then considered of minor importance. Since, however, the remunerative 
recovery of glycerin has led to the adoption of the “ mixed process ” for 
the treatment of fat of good quality, it has become — almost generally — 
the practice to treat by this process low-class material, such as “greases” 
and all kinds of “ waste fats ” (Chap. XVI.). This process commends 
itself all the more in these cases, as on “ autoclaving ” such low-class 
fats extremely persistent emulsions are formed which frequently retain 
the glycerin so firmly entangled that it can only be separated with the 
greatest difficulty. Moreover, the increased amount of solid material 
leads to a better crystallisation of the resulting fatty acids. 

The progress of hydrolysis of the acidified fat is best controlled in the 
manner illustrated bv the table given in Vol. I. Chap. II. 

The examination of the press cakes (from the cold press as well as 
from the hot press) by means of the iodine absorption test obviously 
does not lead to the same information as is obtained in the case of auto- 
claved material, since iso-oleic acid also absorbs iodine. The press- 
operations are therefore best controlled by the determination of the 
solidifying point of the fatty acids with the help of an empirical table 
worked out for each kind of fat or mixture of fats. 

As an example, I give the following table, due to Y. de chopper 
and GeiteJ, 1 computed in the candle-works of Gouda (Holland) for tallow 
and palm oil. The first column contains the solidifying points of the 
various intermediate products up to the finished “stearine.” The 
yields of “ stearine ” of the solidifying points recorded in the first 
horizontal column were obtained by pressing the hydrolysed mass at 
different temperatures. 

1 L ) in < jl . Polyt . Journ . 245, 295. 


[Table 
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The stearine obtained by this process is known in commerce under 
the name “ distilled stearine.” This “ stearine ” has a lower solidifying 
point than “ saponified stearine ” has. Whereas the titer test of the 
latter is, as a rule, 132° F. to 134° F., the best commercial “ distillation 
stearine ” solidifies at 129° F., or very little above. 

The “ distilled stearine ” consists, therefore, of stearic, palmitic, 
and iso-oleic acids, with which small amounts of hydioxystearic acid 
and of stearo lactone may be admixed. The amount of stearolactone 
may be inferred from the difference between the saponification and 
neutralisation values of the sample (cp. Vol. T. Chap. VIII.). 

The proportion of iso-oleic acid can be calculated from the iodine 
value of the sample, the assumption being made that oleic acid is 
entirely absent. 

Stearic acid is determined direct (Vol. I. Chap. VIII.). The presence 
of hvdroxystearic acid is ascertained by determining the acetyl value 
(Voh I. Chap. VI.). The amount of palmitic acid is then found by 
difference. 

The oleic acid resulting as a by-product in this process is termed 
“ distilled oleine,” “ distillation oleine ” (cp. p. 97). 




ECHNOLOGY OF MANUFACTURED OILS, FATS, AND WAXES ch- 

j he crude glycerin obtained is known as “distillation glycerin” 
/jj? below) ; this term must not, however, be confounded with “ dis- 
ced glycerine.” The amount of recovered crude glycerin for one and 
Artie same kind of fat is lower than in the autoclave processes. A definite 
^figure cannot be given, as the yield depends on the care exercised in the 
first stages of the process. It may, however, be added that in well- 
managed works the yield from good fats containing a small quantity of 
free fatty acid amounts to from 8 to 9 per cent of 28° Be. “ distillation 
glycerin.” 

The approximate practical yield from tallow is summarised in the 
following table : — 


Yield from 100 parts of Tallow by the Sulphuric Acid Saponification 
Process 


Candle material (stearic, palmitic, iso-oleic, hydroxy- 


stearic acids, and stearolactone) . 

01- (ill per cent 

Oleic acid (containing iso-oleic acid) . 

. 30- 32 „ 

Crude glycerin, specific gravity 1-240 . 

8- 0 „ 

Pitch ; Loss ..... 

2- 3 „ 


101-107 


(4) The Mixed Process 

From the above-given data regarding the yields of candle material 
and crude glycerin it will be gathered that, on the one hand, more candle 
material is obtained in the “ acid saponification process ” than by 
autoclaving the fatty materials, whereas, on the other hand, a larger 
amount of glycerin of better quality results from the autoclave process. 
Hence a combination of these two processes suggests itself, for as regards 
increase of candle material the action of sulphuric acid on olein is appar- 
ently the same as on oleic acid. The combined method, known as the 
“ mixed process,” consists in hydrolysing the fatty material in an auto- 
clave by means of bases, thus recovering the full amount of glycerin, 
and then treating the fatty material with concentrated sulphuric acid 
in the manner described under (3) (p. 225). Any neutral fat which has 
escaped hydrolysis in the autoclave is thus saponified. Therefore, in 
the subsequent distillation of the acidified material, less neutral fat can 
accumulate in the still than is the case when autoclaved, non-aeidified, 
fatty acids are distilled. Hence the amounts of hydrocarbons in the 
distillates are also reduced. This will be gathered from a comparison 
of the following tables, due to Kassler / with the corresponding table 
given p. 224. 

1 Seifensieder Zeit., 1902, 349 ; Chem. Revue, 1902, 50. 
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MIXED PROCESS 


^phuric 

U ving 

Yield from Autoclaved hid Acidified Fatty Acids on Distillation^ * or 

vthe 


No. 

From 

Quantity 

distilled. 

Duration of 
Distillation. 

Distillate for 
Presses. * 

“Still- 

Returns.” 

fcic 

“ Stearin?- ■ 
Pitch.” 1 

Tons. 

Hours. 

Per cent. 

Per cent. 

Per cent. . 



I. 

II. 

I. 

11. 

1. 

II. 

I. 

II. 

I. 

11. 

1 

Tallow . 

5 

7 

34 

33 

94-8 

94-6 

2-0 

2 6 

3-2 

2-8 ' 

2 

Bone fat 

5 

5-6 

35 

34 

92-8 

903 

4-2 

5-4 

3-0 

4-3 

3 

Palm oil 

6 

5 

36 

32 

91-6 

91-0 

4-6 

i 

5-3 

3-8 

37 


Distillation of Autoclaved and Acidified Fatty Acids 



Till low Acids of Solidifying 1 IJ 


Point -1-'-' C., 

containing: 


Oleic A 

e.id, 'JO'S per cent ; 

C" 

Neutral Fat, O’ 1 per n 

■nt. 



o 





'o , 


I 

£ V 

w 

•3 o 


X ** 

£ O 

o 

rs 


CO 

<v 

6 


a 


•c. 

Per 

Tor 

Per 


cent. 

cent. 

Cent. 

5 

11-7 

33-1 

4M) 


6 

4V9 

33'8 

4 3 


7 

42-2 

34-4 

4-5 


8 

42-5 

35-0 

4-7 


9 

427 

35-7 

5 "5 


10 

42-7 

86-1 

5-5 


11 

427 

36 "6 

5-8 


12 

43-0 

36-9 

• 5-8 


13 

43-0 

37 "7 

6 0 


14 

43-3 

38-3 

6*3 


15 

43-5 

38 -8 

5-9 


16 

43-8 

39-1 

5 ‘7 


17 

44-1 

39-6 

5-7 


18 

44-4 

40-4 

5-0 


19 

44-6 

40-8 

3-7 

0*2 

20 

45-0 

41-3 

3-8 

0 *5 

21 

45*2 

41-5 

3-0 

0-7 

22 

45-2 

42-2 

1-1 

0-7 

23 

45-8 

42 2 


1-2 

24 

45'0 

42 4 


1-3 

25 

42-7 

, 42-5 


1-8 


iO’ l'’ containing : 
Oleic Acid, ■12*2 per cent. ; 
Neutral Fat, 0-5 per cent. 


Palm Oil Acids of Solidifying 
Point 42 S”0., containing: 
oleic Acid, 42'8 per cent.; 
Neutral Fat, 0'5 per cent. 


"C. 

37-8 

87 i ) 
88-8 

88 ’8 
88-8 
88-8 
88-4 

88 - 5 
39 ‘5 

89 - 6 
89-7 
89-9 
40-0 
40 *2 
40“2 
40-5 
40-7 
40-8 
41*0 
40-8 
89 9 


Per 

cent. 

50*8 

r»ri 
5ir> 
r»i 9 
52-8 
58*0 
58-4 
58 -8 
54*2 
54-7 
55 '7 
58 -(3 

58 - 13 

59 - 1 
59*8 
59-7 
( 50-4 
00 '9 
( 31-5 
131-5 
01-8 


Per 
rent. 
5 -9 
( 3-0 
(3 -8 
(3 -8 
13-8 
8-0 
8-2 
8-8 
8-8 
( 3-2 
(3 -0 
8-2 
8-0 
2 '2 
1-4 
0-5 


Pei- 
con t. 


0-8 

0-5 

0 - 9 
M 

1 - 8 
1-5 
1-9 

2 7 
8-0 
8 M 3 


•C. 

45-9 
45-9 
4 U -0 
45-8 
44-8 
44-2 
48;8 
42-9 
42-7 
41 S 
11 *0 
41-0 
40-8 
40-5 
40*1 
89-8 
89-8 
89-3 
39-0 
38-8 
38*8 


© 

o 

Tor 
cent. 
51-2 
51-5 
52 4 
52*4 
53-3 

53 - 8 
54*2 

6* -7 

54 - 8 

55 - 8 

56 - 5 
57*2 
58-0 
59 i 
59*9 
( 30-7 
61-5 
131-6 
61-9 
63-0 
63-0 


Per 
cent. 
6-0 
6-0 
6 "3 
7-0 
7-5 
7-5 
5-0 
4-2 
3-0 
2-8 
2-8 
2-8 
1-0 


Per 

cent. 


The “ still-returns ” of the “Tallow Acids” and “Bone Fat 
Acids ” of table p. 224, and of Nos. 1, 2, 3 of the table given above 
collected together and again distilled, gave the followmg result 
(Kassler 1 ) 


1 Chern. Revue, 1902, 74. 
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Distillation of “ Still- Ifrt urns ” 


it Quantity 
l 1 distilled. 

Duration of 
Distillation. 

Distillate for 
Dresses. 

Second 

“ Still-Returns" 
(“Green Oil”). 

Stearine Pitch. 

Tons. 

Hours. 

Per eent. 

Per cent. 

Per cent. 

2-5 

23 

77-2 

17-0 

5-8 


The yield obtainable from neutral fats by t he “mixed process” 
should therefore be : — 


Yield from 100 parts of Tallow by the “ Mixed Process ” 


Candle material .... 

01-03 per cent 

Oleic acid ..... 

32-30 

Crude glycerin, specific gravity 1-240 

10-10 

Pitch ; Loss .... 

2- 3 


Conversion of Oleic Acid into Candle Material 1 

It has been shown that in the “ acid saponification process ” about 
30 per cent of oleic acid are obtained as a by-product. Ever since 
candle-making from “ stearine ” was introduced, numerous workers 
have endeavoured to convert oleic acid completely into a saturated 
acid, or at least into candle material. 

The earliest attempts were directed to the reduction of oleic acid 
into stearic acid. It has been pointed out above (Vol. I. Chap. 111.), 
that whereas the lower members of the oleic acid series can be converted 
into saturated acids by means of sodium amalgam in alkaline solution, 
oleic acid does not take up hydrogen under these conditions. 

Oleic acid can be reduced to stearic acid by means of fuming hydriodic 
acid and phosphorus (Vol. I. Chap. 111.), but, viewed us the basis of a 
commercial process, this reaction must be looked upon as hopeless. 
By heating oleic acid with 1 per cent of iodine to 270°-280° 0., P. de 
Wilde and Reychler only succeeded in obtaining about 70 per cent of 
stearic acid. Moreover, not more than one-third of the iodine used 
could be recovered ; hence also this process had to be abandoned. 
Even when the iodine was partly or wholly substituted by the cheaper 
bromine or chlorine, commercial failure resulted. The process had a 
fair trial on a large scale in a Belgian candle-works, but the large amount 
of valueless by-products, coupled with the fact that no material from 
which the autoclaves were made could resist the corrosive effect of the 
halogens, showed once more that beautiful laboratory experiments but 
too often lead to unfavourable results in large-scale operations. 

The action of chlorine on oleic acid, and the reduction of the chloro- 
derivatives under pressure by means of zinc or iron powder, have been 

1 Cp. Lewkowitucb, “On Attempts to convert Oleic Acid into Candle Material — I.,” 
Journ. Soc. Ghm. Ind ., 1897, 890; and “The Conversion of Oleic Acid into Candle 
Material— II.,” ibid., 1908, 489. 
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made the subject of a Gennym patent by Ziirrer , who claims to^lving 
obtained solid saturated fatty acids. 1 Since, however, oleic ac\j f or 
regenerated on the reduction of monochlorostearic acid, as the authf^he 
laboratory experiments show, this process cannot be a feasible oi'^ic 
Indeed, as far as the author has been able to ascertain, this process ha.. 
not been worked on a commercial scale. ' 

The author has carried out a number of experiments in a similar 
direction with bro mo-derivatives of stearic acid obtained by conceiting 
oleic acid into monobromostearic acid as also into dibromostearie acid, 
but on reducing the products by means of hydrogen no stearic acid 

was obtained. , , 

The conversion of oleic acid into palmitic acid, as indicated by 
Varrenlrapp’s reaction (Vol. I. Chap. III.), has been repeatedly tried 
on a large scale ; lastly by Radisson in Fournier’s works at Marseilles. 
Although candles made by this process wore shown at the Paris Kxhibl- 
tion of 1878, they have disappeared from the market on account of their 
rank odour and their greasy touch. The writer ascertained 3 that the 
process was abandoned not only for the reasons stated, but also on 
account of the high cost and the great danger attending the process in 

consequence of the evolution of hydrogen. 1T 

The conversion of oleic acid into elaidic and (\ol. T. Chap. J II.), 
although frequently patented, does not load to technically useful results. 
The conversion of oleic acid into elaidic acid by means of nitrous acid is 
not complete, hence the purification of the crude elaidic acid alone 
renders this process unremunerative. The change of oleic acid into 
elaidc acid by means of sodium bisulphite is a reversible one, and 
therefore leads to a low yield of elaidic acid. Moreover, elaidic acid, 
even if pure, is not a good candle material. 

The action of zinc chloride on oleic acid with a view to converting 
it into solid material lias been tried, at temperatures of about 200 0., 
without commercial success. The study ol the reaction was again 
taken up by M. v. Schnidl. 10 parts of oleic acid were heated with 
1 part of zL chloride to exactly 185“ 0., until a sample after being 
boiled with hydrochloric acid solidified on cooling. The iesultin 0 
i Jduct was then repeatedly boiled out, first with hydrochloric acid, 
and iinally with watel. The crude product obtained by the interaction 
7 ir chloride and oleic acid had, according to Benedrkl? the following 
composition : — 


Liquid anhydrides 
Stearolactono . • • 

Oleic and iso-oleic acids . • 

8- Hydroxysteario acid (t-hydroxy stearic) 
Saturated fatty acids (by difference) 


Per cent.. 
8 

28 

40 

22 

2 

100 


1 Oerrnan patent 62,407 (1892). 

2 Jour n Hoc. Chem. hid., 1883, 98 , 1884, jam 

! *Vheni * I ltd. , 1 890 , 658 . 
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exam i nin g this process on a laboratory scale the author found 
TjH^jlid saturated acids other than hydroxystearic acid. 1 . Shukoff 
fyy' Schestakoff stated that they never obtained more than 8-9 per cent 
Ej/stearolactone. 2 ] * 

fi The crude product was distilled in a current of superheated steam, 
land the distillate separated by hydraulic pressure into candle material 
and oleic acid. The candle material thus prepared gave on analysis the 
following result : — 



Per cent. 

Stearolactone 

75-8 

Iso-oleic acid 

15-7 

Solid fatty acids 

8-5 


100-0 


M. v. Schmidts process was tried on a large scale in an Austrian 
candle-works. The quantity of oleic acid that remained unattacked, 
and the considerable amount of liquid unsaponifiable substances formed 
was so great, that the process had to be abandoned. 

Zinc chloride seems to act on oleic acid in a manner analogous to 
the action of concentrated sulphuric acid (op. also “ Polymerised Castor 
Oil,” p. 130). Very likely two isomeric zinc chloride addition-com- 
pounds are' formed, which are subsequently decomposed on boiling with 
dilute hydrochloric acid into zinc chloride and two isomeric hydroxy- 
stearic acids, one of which is changed into stearolactone with loss of one 
molecule of water. 

Until recently the only process for the conversion of oleic acid into 
candle material, adopted in practice, rested on the interaction of 
sulphuric acid with oleic acid. Geitel 3 has shown that on dissolving 
oleic acid in cold concentrated sulphuric acid, stearic acid hydrogen 
sulphate is formed. 4 On subsequently boiling the product with water, 
i-hydroxystearic acid and small quantities of stearolactone are obtained, 
and on distilling the mass in a current of steam, as is done on a large 
scale, the stearolactone passes over unchanged, whereas the i-hydroxy- 
stearic acid is converted into oleic and iso-oleic acids. Besides, liquid 
anhydrides are formed. This play of (partly reversible) reactions 
explains why, on working the sulphuric acid saponification on a large 
scale, out of the 47 per cent of oleic acid obtainable from tallow in the 
autoclave process (p. 222), only 15-17 per cent are converted into candle 
material, 30 per cent of oleic acid still being obtained as a by-product. 

The rationale of the chemical action taking place when sulphuric 
acid acts on oleic acid in the cold may, perhaps, be explained as follows 
(Lewkowitsch 5 ) : — 

In the first instance sulphuric acid is assimilated by oleic acid, much 
as bromine is absorbed by the latter, with the formation of saturated 

1 Lewkowitsch, Journ. Son. Chew,, hid. , 1897, 392. 

a Journ. f. praJd. GW., 1903 (67), 418. 

3 Cp. Vol. 1. Clmp. III. 

4 Dubovitz {Seifennieder Zeit., 1908, 729) suggests that some reactions of the com- 
pound may be best explained by the formula C 17 H w (COOH) - S0 4 - C^H^COOH). 

6 Cp. Journ. Soc. Chen, lnd ., 1897, 392. 
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products. But in the present case there is this important diff&! 1UWC 
that since two different groups, S0 3 H and OH, are absorbed^ 8 
products may be expected, according as to whether the SOJ1 gro* A° r 
assimilated bv t,ho. #. ftp flip a of fU..n 'tne 

tic 


assimilated by the i or the 0 carbon atom, thus— 
yields 


(CH 3 ) ■ (CH 2 ) 7 ■ CH = CH - (CH 2 ) 7 • COOH 

Oleic acid. 


and 


(1) (CH 3 ) • (CH 2 ) 7 - CH - CH - (CH 2 ) 7 - COOH 

SO,H OH 

t-Sulphohydroxystearic acid. 

(2) (CH 3 ) • (CH 2 ) 7 - CH - CH - (CH 2 ) 7 - COOH 
oil S( 


S0 3 H 

0-Sulphohydroxystearic ucid. 

As there is no reason why the one acid should be formed in pre 
ference to the other, it may be assumed that both acids are formed in 
e( l ua l proportions. 1 These acids are not very stable, and by merely 
allowing the crude product to stand, enough moisture is absorbed to 
lead to a portion being split up into S0 4 11 2 and hydroxylated acids. 
This may be explained by the following equations : — 

i 6 

(!) (CH 3 ) • (CH 2 ) 7 • CH - CH - (CH 8 ) 7 • COOH-f-H.O = 


soJh 0 


Jr 


CH a • (CH 2 ) 7 • CH 2 - CH • (CH 2 ) 7 • cooh+so 4 h 2 


OH 

0-ITydroxyst.earic acid. 


(2) (CH 3 ) • (CH 2 ) 7 * CH - CII • (CH 2 ) 7 • C00H-|-H 2 0 = 

oil soJh 


CH a • (CII 2 ) 7 • CH - CH 2 • (CH 2 ) 7 • C00H-j-S0 4 H 2 

oil 

t-Hydroxyatearic acid. 


The hydroxystearic acid termed here #-hydroxystearic acid, immedi- 
ately undergoes dehydration with the formation of a lactone which has 
been described hitherto as y-stearolactone (Vol. I. Chap. III.). Shukojf 
and SchestaJcoff ascribe to this lactone the formula of a y-lactone, thus — 

C 14 H 29 CH-CH 2 -CH 2 -CO; 

0 -I 

hence a molecular rearrangement must be assumed to have taken place 
(cp. Vol. I. Chap. III.). 

Another portion of the sulphohydroxystearic acid remains un- 

1 Oil sulphonating oleic acid with concentrated sulphuric acid at 0° C. and treating 
the product of the reaction with water, 50 per cent of stearolactone are stated to be 
formed (David, Compt. rerul., 1897 ( 124 ), 466). 
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Mr*’ ^ut on foiling the crude mass with water the undecomposed 
cle'h also is converted into stearolactone and i-hydroxystearic acid, 
f'Own. 

fin the subsequent distillation of the washed product the stearo- 
r tone already formed passes over unchanged, together with part of 
Ke i-hydroxystearic acid, whereas another part of the latter is 
ehydrated and, according as to whether the OH group takes up 
ydrogen from its right or left CH 2 group, is converted into oleic and 
.jo-oleic acids, thus— 


(1 ) CH 3 • (CH 2 ) 7 - CH - CH 2 • (CH,) 7 • COOH - H 2 0 = 

^ “ CH 8 (CH 2 ) 7 CH = CH • (CH 2 ) 7 COOH 


Oleic acid. 


(2) CH 3 • (CH 2 ) 7 - CH - CH 2 • (CH 2 ) 7 • COOH - H 2 0 = 

^ CHj(CHj),CH = CH • (CH^COOH 


Iso-oleic acid. 


Here, again, there is no reason why oleic and iso-oleic acids should 
not be formed in equal proportions. It is evident that unless distilla- 
tion can be avoided, a complete conversion of oleic acid into solid 
products cannot be effected. 


In the “ acid saponification ” process the interaction takes place at 
a high temperature, and it is therefore readily intelligible that, since 
the chemical changes involved are reversible, a limit is reached beyond 
which the proportion of converted oleic acid cannot be increased. 

With a view to ascertaining how far the conversion into saturated 
products takes place, Lewkoivilsch 1 examined the action of sulphuric 
acid of varying strengths on oleic acid, both on a laboratory and on a 
large scale. The results are given in the following table : — 


1 Journ. Soc. Clte.in. lad., 1897, 392. 


[Table 
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\ . * 

tfphuric 

Action of Sulphuric Acid Of Varying Strength at 5° C. on Oleic \olving 
of Iodide Value 80 (Lewkowitsch) 'd f° r 


’ 

Oleic Acid. 

Sulphuric Acid. j 

1 

Todine 

Value 

Molecules. 

Containing SO4IT.2. 

Molecules. 

of the 
Product. 

1 

Per cent 

95 

1 

39*83 

1 

95 

1 

3373 

1 

95 

1 

47 -23 

1 

103 

1 

20-26 

1 

(fuming acid) 
103 

1 

20-43 

1 

(fuming acid) 

95 

2 

10-9 

1 

95 

2 

10-86 

1 

95 

2 

10-28 

1 

95 

2 

11-15 

1 

95 

2 

14 99 

1 

92 

2 

23*02 

1 

92 

2 

24-06 

1 

103 

2 

10-28 

1 

(fuming acid) 
100-5 

2 

14-40 

1 

(mixture of 
fuming and con- 
centrated acids) 
100-5 

2 

14-41 

1 

(mixture of 
fuming and con- 
centrated acids) 
95 

2*5 

16-73 

1 

92-5 

2-5 

23-60 

1 

93 

2-5 

19-61 

1 

95 

3 

6-74 

1 

95 

3 

8-46 

1 

103 

3 

16-04 


(fuming acid) 


1 


It will be seen that, contrary to expectation, the greatest amount 
of saturated products is not obtained when acid containing 100 and 
more per cent of S0 4 U 2 is used. The crude products gave on examina- 
tion the following results : — 


[Table 
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The cmde product was distilled with superheated steam, and gave 
the numbers contained in the following table 
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several fractions obtained from the crude products, Ifos. l , 2, 
rave the numbers stated in the following tables : — 


Characteristics of the several Fractions of Crude Product No. 1 



Laboratory Experiment. 

Works’ Experiment. 

.. ' ' 


First 

Fraction. 

Second 

Fraction. 

Third 

Fraction. 

Fourth 

Fraction. 

First 

Fraction. 

Second 

Fraction. 

Third 

Fraction. 

Bulk. 

Iodine value . 
Neutralisation 
value 

Saponification 

value 

Melting point, 
*C. 1 

58 

192 

201 

Liquid 

84-8 

196-5 

201’2 

27-2-28-3 

83-8 

190-9 

199-9 

27-2-29 

82-4 
188 "1 

194-9 

25*5-29 

82-8 

197-5 

200-7 

20-2 

85-2 

197-3 

200-0 

25-3. 

65-8 

194T 

188-9 

'24 -y 

77T 

197-5 

201-3 

23-45 


Characteristics of the several Fractions of Crude Product No. 2 



Laboratory Experiment. 


First 

Sccoud 

Third 


Fraction. 

Fraction. 

Fraction. 

Iodine value 

56-6 

78-5 

82 2 

Neutralisation value . 

197*6 

19S-2 

194-6 

Saponification value . 

201-7 

199-9 

198-4 

Melting point, 0 C. 

Liquid 

26-6-28-3 

26-6-29 


Characteristics of the several Fractions of Crude Product No. 3 



Laboratory Experiment. 

First 

Fraction. 

Second 

Fraction. 

Third 

Fraction. 

Fourth 

Fraction. 

Iodine value 

61 *9 

73 4 

81-4 

84-1 

Neutralisation value . 

204-5 

200 5 

198-9 

192-8 

Saponification value . 

209-1 

203-3 

199-7 

194*5 

Melting point, ° C. 

Liquid 

Liquid ' 

26-1-27-2 

29-29-4 


It should be borne in mind that the iodine numbers correspond to 
a mixture of oleic and iso-oleic acids. The melting points of the 
products show that considerable quantities of iso-oleic acid have btc:' 
formed. The small differences between the saponification and the 
neutralisation values prove that stearolactone is present in small 
quantities only. 

David's 1 statement that 18-20 per cent of stearolactone are formed 

1 Journ. Soc. Chcm. ItuL, 1897, 339. Cp. French patent 252,263. 
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in the Cold by washing the product of interaction of oleic and sulphuric 
acids with an equal vblume of water, removing the acid layer, dissolving 
the oily layer in am*equaL volume of water, and allowing to stand for 
twelve hours, has been shown by Lewkowitsch 1 to be erroneous, for the 
separated crystals were practically nothing else but t-hydroxystearic 
acid. 

Lewkowitsch' s stricture has been confirmed later on by Shukojf. 2 

Experiments made with a view to simulating the conditions which 
' obtain in practice in the acid saponification process, by allowing sulphuric 
acid to interact with oleic acid at i 62° C., and by subsequently distilling, 
are detailed in the following tables : — 


Product obtained by the Interaction of Sulphuric Acid and Oleic Acid 
at 132° C. and subsequent distillation. (Works' Experiment.) 
(Lewkowitsch.) 



Iodine 

Value. 

Neutral- 

isation 

Valuo. 

Saponi- 

fication 

Value. 

Melting 

Point 

Crude product .... 
Bulk distillate) from crude product 
Bulk distillate : — 

Cold-pressed cake . 

,, oil 

Hot- pressed cake 

53*90 

71*60 

69*45 

7210 

169-8 

180'2 

195-6 

184-8 

202*8 

202-0 

207-8 

202-2 

206'7 

•o. 

20 70 

30-80 
Liquid 
43-05 • 
(Titer test) 


Product obtained by the Interaction of Sulphuric Acid and Oleic Acid 
at 132° C. and subsequent distillation. (Laboratory Experiment.) 
(Lewkowitsch.) 



Yield. 

Neutralisation 

Value 

Saponification 

Value. 

Melting 

Point. 

First fraction . 

Per cent. 
10-8 

181-16 

201-3 

*C. 

Liquid 

Second ,, 

39-0 

167-38 

193 9 

25 5-30 

Third 

16 - 6 

152-68 

191-9 

25-5-32 

Residue . 

29-4 




£oss 

4-2 





r Although the proportion of stearblactone in these products is higher 
than in the crude products described f!l tables pp. 239 and 240, still, 
the results set out in the last two tables prove that the interaction of 
sulphuric acid with oleic acid at high temperatures cannot lead to a 
technically valuable process. 

' Finally, the author gives the results of an experimental distillation 

1 Juwr-n. Sue. Ghent. Inti., 1897, 390. 

* French pateut 328,604 ; German patent 150,798. 

. von m 


R 
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of a crude product, obtained by the interaction of one molecule each of 
oleic acid and oi sulphuric acid containing 95 per cent S0 4 II 2 , after 
freeing it from hydroxystearic acid. 


Distillation of Crude Product freed from Hydroxystearic Acid 
(. Lewlcountsch ) 



Yield. 

Melting Point 


I. 

II. 

L 

II. 

First fraction . 
Second ,. 

Third „ . 

Fourth ,, 
Residue . 

Loss 

Per cent. 

24*0 

24-0 

/ 32'9j 
l 7-8/ 

5T 

6*2 

Per cent. 

23-4 

29 ’2 
(13-91 
\22-9/ 

5-7 

4-9 

•c. 

Liquid 

21-29 

24-4-29-4 

20'0-25'5 

*0. 

Liquid 

Oily 

24-4-27-7 

26-6-30-5 


The considerable amount of liquid products obtained must not 
be looked upon as consisting entirely of unchanged oleic acid. These 
liquid substances contain anhydrides, or polymerisation products. 

Hausamann 1 acidifies the mixed fatty acids, obtained in an auto- 
clave in the usual manner, at an elevated temperature with concentrated 
sulphuric acid, after which the mass is distilled. The distillate is 
cooled till the mass has solidified completely, and is then treated once 
more with sulphuric acid in the cold. The example which the inventor 
gives is not very encouraging, as the second treatment only raises the 
titer test of the once acidified fatty acids from 40° C. to 43-5-44° C. 
Moreover, he himself declares that it is impossible to convert the total 
quantity of the oleic acid into solid material. This is, of course, due to 
the formation of anhydrides. 

K. Harll 2 endeavoured to avoid the drawback inherent to the 
process of distilling the acidified mass (see above, p. 234, and below) 
by purifying oleic acid (or the mixed fatty acids) by distillation and 
by treating the distillates subsequently with concentrated sulphuric 
acid. As Lewkowilsch has pointed out elsewhere, 3 it is difficult to see 
any novelty or advantage in this method. Shortly afterwards HartVs 
patent was cancelled. 

A. A. Shukojf 4 avoids temperatures exceeding 100° C. in the 
acidifying process, and aims at the direct production of stearolactone, 
by acidifying with the theoretical amount of concentrated sulphuric 
acid of 64° Be. at temperatures lying between 70° and 80° C. The 
reaction requires from seven to twelve hours for completion. The 
final product which the author had occasion to examine was perfectly 

1 French patent 335,768, 1903. 2 German patent 148,062 (1903). 

3 Jahrbuch d. Chen., 1903, xiii. 414. 

4 French patent 328,604 (1903) ; German patent 150,798. Cp. also Yol. 1. Chap. 

III. “Oleic Acid.” 
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white and hard ; it was practically pure stearolactone, for its acid 
value was nil ; its saponification value was 199-3, amd its iodine value 
1-1. An intermediate product, requiring further purification, had the 
following characteristics (Lewkowitsch) : — 

Titer test ..... 26-7° C. 

Acid value ..... 153-9 

Saponification, value . . . .194-3 

Iodine value . . . . . 55-17 

Of course, the conversion of oleic acid into the solid product is not 
complete. The inventor states that the yield of candle material is 
satisfactory. As far as the author is aware, this process has not been 
taken up by oilier manufacturers. It is noteworthy that the melting 
points of mixtures of the lactone with paraffin wax are the arithmetical 
means of the melting points of the two components. 

The patent specifications of Dreymann 1 offer no novelty as regards 
the acidification and increased yield of candle material. It need, 
therefore, only be mentioned that the patentee adds before distillation 
an oxide or carbonate to the acidified and washed mass, in order to 
neutralise any sulphuric acid left in it. 

P. W under 2 combines, as it were, the acid saponification process 
with the process described under (1), by acidifying fats with 5 to 15 
per cent of sulphuric acid of fib 0 Be. whilst a current of superheated 
steam, at 150° C., is passed through the mixture. The oleic acid pressed 
off the saponified mass is re-introduced into the process, and the in- 
ventor claims thus to obtain 85 to 90 per cent of solid fatty acids. 
Whilst the re-working of the oleic acid can hardly be considered a 
novel t y, the high yield of solid fatty acids must be open to grave doubts. 

Lewkowitsch 3 suggested, as a practical working method, to remove 
from the acidified mass, after treatment with water, the hydroxystearie 
acid formed thereby, since during distillation of the acidified mass 
hydroxystearie acid is broken down to a mixture of oleic and iso-oleic 
acids. The large-scale experiments were, however, not continued for a 
sufficient length of time to arrive at definite results. The work was 
taken up later on by the Standard Oil Company of Whiting, near Chicago, 
and led to a process of making hydroxystearie acid from oleic acid. 4 
The modus operandi is as follows : — Oleic acid is dissolved in light 
petroleum ether (1 volume of acid and 2 volumes of petroleum) and is 
then treated with sulphuric acid. The process is carried out at the low 
temperature of 40° F., hence the chemical reaction is easily controlled, 
and the injurious influence of a rise of temperature is more easily pre- 
vented than when oleic acid alone is employed. The acidified mass is 
treated with steam so as to obtain hydroxystearie acid. Thus 50 per 
cent of the oleic acid are stated to become converted into hydroxystearie 
acid. On cooling the solution the hydroxystearie acid separates in the 

1 English patent 19,988, 1905 ; French patent 358,212 ; German patent 166,010. 

2 German patent 110,695, 1895. 

Jnurn. Hoc. (Jhein. hid ., 1897, 393. 

4 United States patent 772,129, W. M. Burton, Assignor to the Standard Oil Com- 
pany, 11th October 1904 ; English patent 20,474, 1904 ; French patent 348,089. 
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crystalline form ; the crystals are filtered and dried in a centrifugal 
machine, and are then ready for use. By driving off the solvent from 
the filtrate, unattacked oleic acid and stearolactone are recovered ; they 
are then purified by distillation, and again subjected to the same treat- 
ment with sulphuric acid. The yield of hydroxystearic acid is stated 
to be 85 to 90 per cent. The melting point of the hydroxystearic acid 
is higher than that of stearic acid, but this property alone does not 
yet prove that the former is suitable for candle-making. This is borne 
out by a statement made in a later specification, 1 viz. that hydroxy- 
stearic acid, when mixed with paraffin wax in as low a proportion as 
15 to 25 per cent, does not furnish saleable candles, inasmuch as it 
causes “ stratification ” in the moulded candle, and tends to accumulate 
at the extremities of the candle. The seriousness of this drawback will 
be better understood, if it be remembered that, in the manufacture of 
composite candles, stearic acid can be admixed with paraffin wax in any 
proportion from 5 per cent upwards. Therefore, a mixture of 3 parts 
of hydroxystearic acid with 1 part of commercial stearic acid is recom- 
mended as a stock mixture for “ stiffening ” paraffin wax candles. 
Provided the results claimed by the specifications are obtained regularly 
on a large scale, this method would represent the most advantageous 
form of the sulphuric acid, process. 

A claim made by Tissier 2 to have effected a (partial) conversion of 
oleic acid into stearic acid by means of hydrogen, evolved whilst 
saponifying fats in an autoclave with zinc and zinc dust (by the action 
of the latter on water), hardly required refutation. Still, Freundlich 
and Rosauer 3 have shown, by experimenting with oleic acid and bone fat 
in an autoclave, that oleic acid was not reduced to stearic acid. Possibly 
Tissier' s error is best explained by the formation of zinc soaps, which 
naturally raise the melting point of the oleic acid in which they are 
dissolved. 4 It may be recalled here that Lewkowitsch was not able 
to effect a reduction of oleic acid by hydrogen in statu nascendi . 5 

A kind of connecting link between the sulphuric acid processes and 
the processes invoking the aid of electricity (see below) is exemplified 
by the patents of Magnier , Bragnier , and Tissier . 6 The acidification 
is carried out in the usual manner, whereupon the acidified mass is 
mixed with five to six times its weight of water, and is then subjected 
to the action of an electric current (under a pressure of 5 atmospheres). 
It appears to the author extremely doubtful whether any larger yield 
of candle material is obtained than by the sulphuric acid alone, i.e. 

1 United States patent 802,100, G. R. Gray, Assignor to the Standard Oil Company ; 
English patent 17,945, 1905 ; French patent 357,507 ; German patent 174,471 (cp. also 
below). 

2 Russian Privilegium, 1499, of January 1897. 

3 Chem. Zeit., 1900, 566. 

4 The same error appears to have misled A. Knorre, who claims (German patent 

172,690) the conversion of oleic acid into solid fatty acids by treatment with formalde* 
hyde in the presence of finely divided metals (zinc); cp. Halperu, Chem. Zeit., 1907, 
845. 

6 Journ. Soc. Chem,. hid., 1897, 390. 

6 English patent 3363, 1900 ; French patent 291,839 ; German patent 126,446 ; 
additional German patent i 32,223. 
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without the electric current. Confirmation of the author’s opinion may 
he found in the fact that this process has not found its way into practice. 

A process attempting to effect the conversion of oleic acid into stearic 
acid by electrical discharges in an atmosphere of hydrogen has been 
patented by A. de Hemptinne. 1 The electrical discharges are produced 
between a number of metal plates (separated by glass plates so as to 
prevent short-circuiting between the metal plates) which are alternately 
connected with the poles of a generator of electrical energy. Oleic acid 
is allowed to trickle in a fine stream (by a sprinkling arrangement) on 
to the plates enclosed in a vessel through which hydrogen passes 2 at 
a pressure below that of the atmosphere. By rotating the apparatus 
slowly the oleic acid forms a moving film, thus continually exposing a 
fresh surface to*the hydrogen. A . de Hemptinne states 3 that 50 per cent 
of oleic acid are converted into stearic acid. According to the English 
patent specification, the process is interrupted when about 20 to 30 per 
cent of stearic acid are formed. The mass is then withdrawn, cooled, 
and the filtrate again treated as before, until the accumulation of by- 
products prevents the further formation of stearic acid. This process 
deserves the attention of the candle -maker, and would recommend 
itself on account of its simplicity, provided a much higher yield of stearic 
acid could be reached through inhibiting the formation of condensation 
products and of resinous substances. 

J. Petersen 4 also endeavoured to reduce oleic acid to stearic acid 
by allowing an electric current to act on an alcoholic oleic acid solution, 
slightly acidulated with sulphuric acid (or preferably with hydrochloric 
acid), between nickel electrodes. But the yield of stearic acid was 
small ; even under the most favourable conditions it did not exceed 
15 to 20 per cent. When platinum electrodes were employed no reduc- 
tion at all took place. Hence, so far this process cannot claim the 
attention of the candle manufacturer. 

C. F. Bohringer and Sohne 5 obtained by the same method much 
better results when using as cathodes metallic electrodes, which were 
covered with a spongy layer of the same metal. They recommend as 
cathodes platinised platinum, as also palladium electiodes covered 
with a spongy layer of palladium-black. Nickel electrodes covered 
with spongy nickel may also be used, but in this case, with a current 
density of 100 amperes per square meter, only a “ considerable reduc 
tion ” is stated to have taken place. If copper be substituted for nickel, 
and the current density be reduced to 10 amperes per square meter, 
slight reduction only was noticed. The following details are given by 
the patentees : — 25 volumes of oleic acid or erucic acid (or their methyl- 
esters) were dissolved in 250 volumes of strong alcohol, and 5 to 10 
volumes of 30 per cent sulphuric acid, or of a 20 per cent hydrochloric 

1 English patents 1572, 12,525, 1905 ; French patents 349,942, 350,955, 363,078 ; 
German patents 167,107, 169,410 ; United States patent 797,112. 

2 The apparatus is illustrated in English patent 7101, 1905. 

3 Bull, de l' A aid. royale de Belgique , 1904 (5), 550 ; cp. also Bull. Soc. Chim. de 
Belgique, , 1912, 55. 

4 Zeits. f. Klektrochem ., 1905, 549. 

e German patents 187,788, 189,332 (1906 
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acid solution were added. When employing a platinised platinum 
cathode, and electiolysihg with a current density of about 1 amphre per 
square meter at a voltage of 4 to 6, the temperature being kept between 
20° and 50° C., the “ whole of the oleic acid ” was stated to be reduced 
to stearic acid after 7 ampere-hours per kilo of oleic acid had been used. 
In the case of a palladium electrode covered with palladium-black at a 
current density of 100-500 amphres per square meter, “ the ” (whole ?) 
oleic acid was reduced after 300 amphre-hours per kilo of material had 
been consumed, whilst stearic acid and ethyl stearate separated. 
Finally, in the case of a nickel cathode covered with a spongy layer of 
nickel and at the same current density, about one-third of the oleic 
acid was converted into stearic acid after 300 ampere-hours per kilo 
of acid had been consumed. Wdser patents the electrolysis of the 
product obtained by the interaction of oleic acid with sulphuric acid. 

In a survey of the modern work on the reduction of unsaturated 
acids, Fokin 1 states that reduction of oleic acid can only be effected 
with the aid of cathodes of palladium, platinum, rhodium, iridium, 
osmium, nickel, cobalt, and copper. The best results were obtained by 
electrolytic reduction ; next as regards efficiency came reduction in the 
gaseous state in the presence of these metals, they acting as catalysts. 
Less favourable still were the yields with galvanic couples, and the 
lowest yields were obtained with metal hydrides. In all cases the 
reduction is ascribed to the activity of occluded hydrogen. 

The above given practical data by A. de Hemptinne , Petersen, and 
Boehringer as to yields of stearic acid, taken in conjunction with the 
statements to be made below, do not bear out the correctness of Fokin’s 
opinion that electrolytic reduction-processes furnish the highest yields. 
Fokin’s error may be caused through his taking the rise of the melting 
point alone as a proof of the presence of stearic acid. Experiments 
which the author carried out several years ago on the reduction of oleic 
acid by means of hydrogen in the presence of catalysts 1 2 showed that 
the melting point is affected considerably, even by small quantities of 
metallic soaps — the last traces of which can only be removed with 
great difficulty. Although Fokin distinctly states that the presence of 
nickel soap caused him great difficulties, so that he must have been well 
acquainted with this source of error, his statements should nevertheless 
be accepted with reserve, until in each case stearic acid free from metal 
has been isolated. 

The classical work of Sabatier and Senderens on the reduction of 
organic substances in the presence of finely divided metals, especially 
of finely divided nickel, was destined to create a new epoch in the 
solution of the present problem. Very shortly after the publication of 
Sabatier and Senderens ’ earlier work, and based upon it, a patent was 
taken out by the Herforder Maschinenfett-und Oelfabrik, Leprince and 
Siveke, for the conversion of unsaturated fatty acids or their glycerides 
into saturated compounds. 3 

1 Zeiis.f. E/ektrochem. , 1900, 12, 749. 

2 Lewkowitsch, Jahrbuch d. Chcm., 1906, xvi. 400. 

3 German patent 141,029 ; English patent 1515, 1903, in the name of W. Normann. 
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The author had then already undertaken laboratory experiments 
on the lines of Sabatier and Senderens ’ work, but cauld not find that 
conversion of oleic acid into stearic acid had taken place to any notable 
extent. In the light of his present experience he can only account for 
his failure at that time by assuming that the conditions under which 
ho then worked precluded the formation of stearic acid ; or in other 
words, that the contact-mass had been “ poisoned.” Immense amounts 
of oils, principally fish oils, are now being “ hardened ” by hydrogen in 
the presence of metallic catalysts (cp. p. 113). 

Bedford 1 applied Sabatier and Senderens ’ method to the reduction 
of oleic acid to stearic acid (as also of ethyl crotonate to ethyl butyrate, 
and of ethyl linolenate to ethyl stearate), and, in conjunction with 
Williams, 2 describes, amongst other examples, the reduction of linseed 
oil to a solid substance, and of oleic acid to stearic acid, by using nickel 
as a contact substance. A German patent by P. Schwoerer 3 claims an 
apparatus for the conversion of oleic acid into stearic acid by the contact 
process.” Ipaliew 4 obtained, by treating sodium oleate with hydrogen 
in the presence of copper oxide, “ stearic acid,” melting from 
61-67° C. The yield of solid acid has not been stated. 5 

The author, who had meanwhile resumed his earlier work on the 
reduction of oleic acid, succeeded by a systematic study 6 * of Sabatier's 
reaction in converting oleic acid with a practically theoretical yield 
into stearic acid. As this result is of technical importance, reserve 
must be exercised with regard to the details of the method. 


(5) Saponification by means of SulpiioCom pounds 

The reagent employed in this process is obtained by allowing an 
excess of sulphuric acid to act on a solution of oleic acid in aromatic 
hydrocarbons. The product obtained, in case benzene is chosen as the 
aromatic hydrocarbon, has been described by Tmtchell as having the 
composition 0 6 H ^ ( S0 3 H ) (0 18 1I 85 0 2 ) P 

The composition of the reagent as actually supplied to the licensees 
under the name of “ saponifier ” is kept secret. The author does not 
therefore feel justified in making detailed statements as to the manner 
in which it is prepared for manufacturing purposes beyond pointing out 
that the aromatic hydrocarbon in the “ saponifier ” is naphthalene. 
Petroff patents the production of hydrolysing reagents by sulphonating 
naphthenic acids. 8 

1 Jnaug. Dissert., “On the unsaturated acids of linseed oil and their quantitative 
reduction to stearic acid,” Halle a. S., November 1906. 

2 English patent 2520, 1907, “Improvements in and relating to the reduction of 
organic substances. ” 

German patent 199,909 ; United States patent 902,177. 

4 Jkrichte , 1909, 2089. 

0 Cp. Erdmann, German patent 211,669 ; Sabatier, French patent 394,957 ; Skita 
and Paul, German patent 230,724. 

6 Journ. Soc. Chon. Incl . , 1908, 489 ; Jahrbuch d. Chetn., 1907, xvii. 415. 

7 Journ. Amor. Chem. Soc.., 1899, 22. 

8 Belgian patent 259,934 ; United States patent 1,079 437. 
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The rationale of this process 1 is not yet fully understood. Lewkowitsch 
explains the action of the reagent (Vol. I. Chap. II.) by its power of 
emulsifying the glycerides. Several tablesdllustrating the action of three 
“ Twitckell reagents' 5 on oils and fats are given in Yol. I. Chap. II. The 
author may perhaps express the opinion that during the steaming of 
the fats and oils with the “ Twitckell reagent ” sulphuric acid is generated, 
as it were, in statu nascendi, and this acts on the glycerides with the 
formation of sulpho-compoumls, which are more readily hydrolysed by 
water than are the glycerides themselves. The process differs, however, 
most essentially from the “ acid saponification process,” in that oleic 
acid is not simultaneously converted into solid material ; hence the 
fatty acids obtained by this process have the same composition as those 
yielded by the autoclave process as no sulpho acids *can be formed, 
the sulphuric acid being too dilute to react with the oleic acid. 

In the presence of a large excess of glycerin f he process is a reversible 
one, triglycerides being formed from free fatty acids and glycerin. 
This reaction has been applied and patented 2 for the removal of the 
free fatty acids concomitant with rancidity in oils and fats. It is 
essential that the water formed in the reaction is removed and for this 
feason the process must be carried out either in vacuo or in a current 
of an inert gas. 

It is essential that the fatty raw material be freed from impurities, 
such as lime, iron, as also from foreign organic substances. This is 
done by boiling the fat with a dilute solution of sulphuric acid in a 
manner similar to that employed in the purification of bone fat (Vol. II. 
p. 749). The purified fat is then transferred to wooden vessels furnished 
with perforated brass coils, and provided with well-fitting lids, which 
allow the steam to escape but prevent free access of air, since the fatty 
acids formed in this process readily darken on coming into contact with 
air. In these vessels the fat is mixed with 50 per cent of its weight of 
distilled water, T5 to 2 per cent (larger quantities cause very persistent 
emulsion and increase the tendency to discoloration) of the reagent are 
then added, and the whole mass is agitated by open steam passing 
through the perforated coil. It is essential that the fatty matter contain 
at the outset a small proportion of free fatty acids, as an entirely neutral 
fat requires a somewhat lengthy time before hydrolysis commences. 
This is no doubt due to the fact that the aqueous solution of the reagent 
requires the presence of fatty acids, in order to produce an emulsion 
which is essential for the progress of hydrolysis. With neutral fats a 
somewhat longer time is required to start the hydrolysis, as free fatty 
acids must be produced first by the boiling with water. But even at 
best the process requires a considerable time for the practical completion 
of hydrolysis, as is evidenced by the tables given, Vol. I. Chap. II. 

The progress of hydrolysis is controlled in the usual manner by 
determining the acid values of the product. For the purposes of the 

1 English patent 4741, 1898 ; United States patent 028,503 ; German patent 
114,491 ; French patent 456,966 ; English patent 9160, 1913 ; United States patent 
1,082,622 ; Belgian patent 255,977. Cp. also Reuter, United States patent 1,068,079 ; 
Belgian patent 256,373 ; English patent, 9160, 1913. 

2 Verein. Chem. Werke, A.G. French patent 454,315. 
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.candle-maker it is essential that the hydrolysis be as complete as possible ; 
practically complete hydrolysis can be reached by prolonged boiling. 
The emulsion is then “ broken ” by the addition of sulphuric acid of 
60° Be., and the contents of the vessels are a lowed to settle, when 
separation into two layers takes place — an upper layer of fatty acids, 
and a lower aqueous one containing glycerol. The fatty acids are 
drawn off and washed, and are ready for subsequent treatment. 

The product is too dark to be made into candle material by pressing, 
which is feasible with autoclaved material. It is therefore imperative 
to distil the acids ; it commends itself to treat the fatty material, 
previous to distillation, with concentrated sulphuric acid, as described 
under process (3), so as to increase the yield of candle material. (Hence, 
strictly speaking, TwitchelVs process, if applied to the production- of 
candle material, would fall under the heading 44 Mixed Process.”) 

The Twitch ell process lends itself most advantageously to raw 
material of low quality and rich in fatty acids, such as “ greases,” which 
cannot be worked up economically by autoclaving. 

The yield from the Twitchell process is the same as that from the 
autoclave or from the mixed process, according to the manner in which 
the saponified material is treated, except in the case of cocoanut and 
palm-kernel oils, where a notable amount of volatile acids is carried 
away with the steam during the prolonged time of steaming with the 
reagent. 

The foregoing processes yield as the chief product solid candle 
material (see below). The main by-products are Oleic acid and Glycerin , 
which are worked up by methods described below. Of less importance 
is the resulting “ Stearine Pitch.” 

Stearine Pitch. — Candle Tar (French — Goudron ; German- -Stearin- 
peck, Kerzenteer) is the residue left in the stills (see p. 226). The pitch 
is run out from the bottom of the still whilst yet hot. According to 
the consistence, which depends on the treatment the 44 first run ” 
residue has undergone and on the amount of volatile matter left in the 
residue, either a “ soft pitch ” or “ hard pitch ” is obtained. Soft pitch 
is easily soluble in benzene, carbonbisulphide, carbontetrachloride and 
other fat solvents ; on heating to 250°-350° 0. it is converted into a 
hard, yet flexible mass, which is no longer soluble in the above-mentioned 
solvents. The employment of the hard substance as an insulating 
(covering) material has been patented by Vogelsang. 1 The 44 hard 
pitch ’’ which is insoluble in the above solvents cannot be converted by 
heating into the flexible substance obtainable from the 44 soft pitch.” 
The 44 soft pitch ” is frequently used as a lubricant for heavy steel plate 
rollers— 44 hot neck grease.” The 44 hard pitch” is employed for 
caulking ships’ decks, as an insulating material for cables and electrical 
apparatus 2 for waterproofing roofs and paper, 3 for making black 

1 German patent 217,026. 

2 Cp. also French patent 386,805 (Dupr6 aud Icard). 

8 German patent 122,893. 
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varnishes/ and antirusting paints. 2 P. Lacallonge 3 claims the manu- 
facture of an ebonite-like mass obtained by mixing 80-90 per cent of 
stearine pitch with 10-20 per cent of ceresin, to which some picric acid 
has been added. A specially suitable material for insulating purposes 
(also for anti-corrosive paints) is said to be obtained by heating stearine 
pitch with sulphur at temperatures from 120° to 175° C 4 

Stearine pitch contains chiefly hydrocarbons, due to destructive 
distillation ; and small quantities of free fatty acids and of neutral fat 
— together about 10 per cent. The definite acid and saponification 
values (as also evolution of acrolein vapours) of stearine pitch permit 
of its being readily distinguished from petroleum residue (petroleum 
pitch) and lignite tar residue (brown-coal pitch). 5 

The presence of neutral fat in stearine pitch diflererftiates it from 
the cotton stearine pitch and wool grease pitch (Chap. XVI.), which 
are used for similar purposes. 6 For the determination of the saponifica- 
tion value Marcusson recommends to dissolve 5 grms. of the pitch in 
25 c.e. of benzin free from thiophene and boil the solution for one hour 
under a reflux condenser with 25 c.e. of normal alcoholic potash. After 
cooling, 200 c.c. of 96 per cent alcohol are added, and the solution titrated 
with hydrochloric acid using phenolphthalein and alkali blue 6 B as 
indicators. The combination of these two indicators is stated to give 
a sharper end reaction than either used alone, 7 

For a method of determining the melting point of pitches by noting 
the temperature at which the ground pitch agglomerates in an electric- 
ally heated dilute solution of sulphuric acid the original paper should, 
be consulted. 8 

According as to whether the candle material prepared by the pro- 
cesses described above is used in the manufacture of candles alone, or is 
admixed with mineral waxes, we differentiate (a) stearine candles, or 
(b) mixed stearine and mineral wax candles. 

The once flourishing tallow candle industry 9 has almost completely 
succumbed owing to the competition of the stearine and paraffin candles. 
The “ tallow dip ” candle has, therefore, but an insignificant local 
importance, although in this country alone about 1000 tons are still 
manufactured per annum. Tallow candles are, as a rule, not adulter- 
ated. Their commercial examination is identical with that of tallow 
(Vol. II. p. 755). 

Candles made from spermaceti (sperm candles) and from beeswax 
(wax candles) will be described below under “ Technology of Waxes.” 

1 Cp. English patent 3345, 1906 (Connolly). 

2 E. Hildt, French patent 383,952. German patent 168,048. 

4 English patent 3045, 1894 ; cp. also Swedish patent 16,701, 1902 (Alexanderson 
and Ohlsson). Cp. also Wool Grease Pitch, p. 444. 

6 Cp. Jahrbuck d. ( Jhe.m ., 1907, xvi. 414. 

6 Cp. Ilolde and Marcusson, Berkkte , 1900, 3173 ; Donath and Margosches, Chem. 
Jieime, 1904, 194 ; 1905, 42, 73. 

7 Marcusson, Zeits. f. miyew. Chem., 1911, 1299. 

8 French, Journ. hul. liny. Chem., 1911, 907. 

9 It may be interesting to note that, as the Dominican monk Flamma reports, in the 
beginning of the thirteenth century tallow candles were still considered a luxury. 
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(a) Stearine Candles 

The “ stearine/ 5 “ saponification stearine/ 5 *’ commercial stearic 
acid/ 5 obtained by the processes described under (1) and (2), consists 
practically of a mixture of stearic and palmitic acids. 

The valuation of this material (as has been pointed out incidentally 
already) is based on its melting and solidifying points. The higher 
these are, the more valuable is the material. A definite iodine value 
indicates the amount of oleic acid left in the press cakes ; a definite 
difference between the neutralisation and the saponification value 
corresponds to neutral fat that has escaped hydrolysis, and has not been 
pressed out wAh the oleic acid. 

For commercial purposes it is but rarely required to ascertain the 
proportion of palmitic and stearic acids. If the direct determination 
of the stearic acid (Vol. I. Chap. VITT.) be too troublesome, the candle 
material may be valued (with sufficient accuracy for commercial pur- 
poses) on the basis of its solidifying points (cp. table, Vol. I. Chap. III. 
“ Mixtures of Palmitic and Stearic Acids 55 ), and of the neutralisation 
value (cp. table, Vol. I. Chap. XII. “ Neutralisation Values of Mixed 
Stearic and Palmitic Acids ”). 

The “ stearine 55 derived from the processes described under (3), 
(4), and (5) is also known as “ commercial stearic acid. 55 It is more 
correctly described as “ distillation stearine.” This is also valued on 
the basis of its melting and solidifying points. These are usually lower 
than those of the “ saponification stearine,” on account of their con- 
taining notable proportions of iso-oleic acid. The iodine value of a 
“ distillation stearine ” furnishes a measure of the amount of “ iso- 
oleic 55 acid present ; and the difference between the neutralisation and 
saponification values is a measure of the amount of lactone present. 
If the amount of hydroxystearic acid be required, the acetyl value must 
be determined. A complete analysis of “ distillation stearine ” em- 
braces the determination of the iodine value, of the neutralisation and 
saponification values, of the acetyl value, and the direct estimation of 
stearic acid ; palmitic acid is then found by difference. 

By means of the iodine value it is possible to differentiate “ sapon- 
ification stearine 55 from “ distillation stearine.” The iodine value of 
the former rarely exceeds a few units, whereas “ distillation stearine 55 
gives iodine values varying, as a rule, between 15 and 30. 

A considerable amount of neutral fat is contained in candle material 
intended for those composite candles (chiefly used for nightlights) 
which consist of a mixture of “ stearine 55 and “ cocoanut stearine.” 
If an accurate determination of the neutral fat be desired, the safest 
plan is to saponify 50 grins, of the sample, and to determine the amount 
of glycerol. 

The amount of unsaponifiable matter should be negligible. Notable 
amounts would point to admixture with hydrocarbons (paraffin wax, 
ceresin), black grease stearine, distilled grease stearine, and also carnaiiba 
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.wax, which is sometimes admixed as a “ candle hardener ” to raise the 
solidifying point otf the candle material. The examination of the 
isolated unsaponifiable matter is carried out by the methods given in 
Vol. I. Chap. IX. In this manner paraffin wax and ceresin, as also 
carnaiiba wax, can be readily detected. The .presence of iso-cholesterol 
points to admixture with “ distilled grease stearine ” (cp. Chap. XVI., 
and Vol. I. Chap. XI.). The amount of ash should be practically nil. 
It is important to determine the ash, as a definite amount, even 0*01 
per cent, may lead to guttering of the finished candle. 

Neutral fat (cocoanut oil) is sometimes added to prevent crystallisa- 
tion if paraffin wax alone does not effect this satisfactorily. 

The examination of the ash for lime and its quantitative determina- 
tion is also required, as even very small quantities of lime left in the 
candle material cause the wick to yield a skeleton, which does not melt 
and drop off, but ultimately hangs down into the candle material and 
.causes guttering. Graefe 1 showed that even as small a quantity as 
•00075 per cent of lime (CaO) in the candle material is apt materially 
to injure the quality of an otherwise well-prepared wick. Ten times 
that quantity of lime — viz. -0075 per cent — in a candle material would 
render the candles prepared from it unsaleable. 2 

The stearines obtained from greases generally contain notable 
amounts of unsaponifiable matter. The stearine from “ black grease ” 
(see Chap. XVI.) and other waste fats are also characterised by high 
amounts of unsaponifiable matter (cp. “ Waste Fats,” Chap. XVI.). 

Candles consisting of “ stearine ” only are chiefly used in tropical 
or semi-tropical countries, where candles made from a mixture of 
stearine and paraffin wax would bend and gutter owing to their low 
melting points. 

In temperate climates candles are usually made from mixed 
“ stearine ” and mineral waxes. Hence the unsaponifiable matter 
must be determined and examined. 


(b) Mixed “Stearine” and Mineral Wax Candles 

(a) PARAFFIN WAX 

Since a description of the manufacture of paraffin wax falls outside 
the scope of this work, a few notes only can be given. Paraffin wax is 
obtained from three sources, viz. crude petroleum, shale, and lignite. 

In the crude petroleums the paraffin wax is contained ready formed 
as such (“ protoparaffin ”). In the shale and lignite the paraffin wax 

1 Seifenxieder Zeit., 1907, 1107. 

2 It may be added here that Kuess patents (Freuch pateut 367,448) a candle 
material containing, besides “stearine,” paraffin wax, and neutral fats, the following 
ingredients : water, caustic potash, alum, and magnesium sulphate. Agostini (English 
patent 965, 1907 ; French patent 383,851) patents the incorporation of lead salts mixed 
with a fatty (drying) oil to candle material, especially to “paraffin ” candles. 



XV PARAFFIN WAX • 253 

is formed by a process of destructive distillation (“ pyroparaffin ”). 
The raw material in shale appears to be exclusively of animal origin, and 
the formation of the hydrocarbons obtainable by destructive distillation 
would seem to take place by a process analogous to that occurring in tTie 
distillation of fish and liver oils, etc. (cp. Vol. I. Chap. I.). The raw 
material in ljgnite appears to be a bitumen having the chemical con- 
stitution of a monoatomic ester (“ wax ”) which can be extracted from 
the lignite by volatile solvents (see “ Montan Wax,” p. 278). 

Petroleum Paraffin Wax. — Formerly North American petroleum 
(especially Pennsylvania crude) formed the chief source of this kind of 
paraffin wax. The proportion of paraffin wax in American 'petroleum 
varies from 2 to 4 per cent, but owing to the enormous amounts of 
petroleum raised in the United States very considerable quantities of 
paraffin wax were obtained from these fields. This is evidenced by the 
following table : — 


Production of Paraffin JFax in the United States 



Barrels, of Average 
Weight, 878-3 lbs. 

Value in Dollars. 

1880 

20,856 

631,944 

2,904,902 

1890 . . ' . 

241,951 

1000 

774,924 

7,791,149 

1905 

794,068 

10,007,274 

1 


Exports of Paraffin Wax from the United States 


Year. 

Lbs. 

Dollars. 

1900 

182,153,718 

8,602,723 

1901 

129,184,962 

6,857,288 

1902 

173,583,203 

8,858,844 

1903 

201,325,210 

9,411,294 

1904 

188,651,119 

8,859,964 

7,789,160 

1905 

161,894,918 

1906 

178,385,368 

8,808,245 

1907 

185,511,773 

9,030,992 

1908 

178,709,678 

8,740,929 

1909 

137,403,569 

6,445,917 

1910 

196,982,550 

7,886,359 

1911 

218,592,330 

7,378,736 

1912 

249,502,699 

8,123,486 


. The countries to which the great bulk (including paraffin) is exported 
are shown in the following table : — 
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At present the output of North American paraffin wax is falling off. 

Most of the Russian 'petroleums contain only inconsiderable quantities 
of paraffin wax. The Baku petroleum yields practically none, the Bibi- 
Eybat oil small quantities only. The petroleum from the Tckeleken 
Island forms, however, an exception ; this oil yields about 5-5 per cent 
of wax, which has appeared in the world’s markets during the last few 
years. According to Charilschkoff 1 the petroleum from the western 
portion of the Grossny oil-fields yields 2*35 per cent of paraffin wax. 
Some crude petroleums in the Ferghana districts also contain sufficient 
paraffin wax to render its recovery a remunerative operation. 

The Roumanian and Galician petroleums (with the exception of the 
Boryslaw and Tuslanomce petroleums) yield less paraffin wax than do 
American petroleums. Petroleums from other sources do not, at any 
rate up till now, contribute to the production of paraffin wax. Boryslaw 
petroleum yields 5-6 per cent of paraffin wax. 1 2 

The largest amounts are at present obtained from Rangoon petroleum , 
which yields from 10 to 15 per cent of paraffin wax, melting at 138° F. 
Assam wax is obtained from a similar crude petroleum. This wax is 
brought into the market in two qualities, ’.viz. “ yellow wax ” and “ white 
wax.” The latter melts at 140° F. These two paraffin waxes have the 
highest melting points of all commercial paraffin waxes. (It may be 
added that also from the American paraffin wax a product could be 
obtained of equally high, and even higher, melting point if the cost were 
not prohibitive. The author examined a sample of specially-prepared 
American paraffin wax, which had a melting point of 143° F.) 

Paraffin wax from Sumatra crude oil has also appeared in the market 
during the last few years. At first this wax proved somewhat unsuitable 
for candle-making purposes, inasmuch as it was brittle and powdery ; 
this difficulty has, however, been overcome by suitable treatment. 

Lignite Paraffin Wax . — The Saxo-Thuringian lignite (brown-coal) 
tar industry 3 4 yields considerable quantities of paraffin wax. From 
this tar 10-15 per cent of wax are recovered by distillation. [Other 
methods of obtaining the paraffin wax from the lignite tar have been 
patented by Pauli 4 and by Schultze. 5 ] The principal lignite-producing 
countries are Germany, the United States of America, Austria, and 
Hungary. 

The output of finished candles in the Saxo-Thuringian candle 
industry amounts at present to about 8000 tons per annum, of which, 
however, a portion consists of “ stearine ” (see p. 286). 

Shale Paraffin Wax. — The Scottish shale industry forms at present 
one of the most important sources of paraffin wax. The wax is obtained 
by refrigerating the higher boiling fractions of the shale oil, and purify- 
ing the paraffin scale by the “ sweating process.” 6 The yield of wax 

1 Chem. Revue, 1909, 247. 

2 Zaloziecki, Chem. Zeit., 1910, 265. 

a Op. Scheithauer, Die Fahrikation der Mineralole, Braunschweig, 1895 ; E. Uraefe, 
Die Jh uni tkohlenind ustrie, Halle a. tt„ 1906. 

4 Op. Jahrbuch d. Chem., 1901, xi. 870 ; 1902, xii. 376. German patent 123,101. 

6 German patent 162,341. 

H Pyzel, English patent 22,313, 1910. 
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varies with the quality of shale ; from best crude shale-tars as much as 
15 per cent are obtainable. 9 

The importance of the Scottish shale industry is best exemplified by 
the fact that in the year 1904, 2,332,000 tons of shale were mined, which 
yielded 22,500 tons of paraffin wax (in addition to 6,293,200 gallons of 
naphtha, 17,000,000 gallons of burning oil, 38,000 tons of gas oil, 39,500 
tons of lubricating oil, and 49,600 tons of ammonium sulphate x ) ; 
whereas in 1909 3,000,000 tons of shale were mined, from which there 
were produced 25,000 tons of paraffin wax, 20,000,000 gallons of burning 
oils, 3,000,000 gallons of naphtha, 22,000,000 gallons of lubricating and 
gas-making oils, and 54,000 tons of ammonium sulphate. Of less import- 
ance than the Scotch shale are the occurrences of shale in Wiirttemberg, 2 
at Messel in Hesse-Dannstadt, in Sweden, 3 France (Autun), and Brazil. 4 
The Canadian shales (of which about 270,000,000 tons have been 
prospected in the Albert and Westmoreland counties of New Brunswick) 
may be worked up in the near future, as also the Torbanite of New 
South Wales. 5 

The chemical composition of paraffin wax is not yet fully known, 
and varies with its origin. The American paraffin wax may be con- 
sidered as consisting principally of a mixture of hydrocarbons of the 
ethane series C n H 2u + 2 . The paraffin wax produced in the Saxo-Thur- 
ingian lignite industry consists principally of saturated hydrocarbons, 
as will be seen from the following table, which enumerates the hydro- 
carbons isolated by Krajft 6 from a Saxo-Thuringian wax, which softened 
at the ordinary temperature : — 


Formula. 

boiling Point at 

0 min. Pressure. 

Melting Point. 

•o. 

_ 

Specific Gravity 
when Fluid. 

CjAfio • 

109 

31-8-32 


C al) H 42 . 

117-5 

36-3-36-6 

0-7775 

C.,,II 44 

125-5 

39-9-40-2 

0-7778 


130-5 

44-0-44-5 

0-7776 

^2»H 4 8 • 

138 

47*2-47-5 

0-7799 


145-5 

50-7*51-3 

0-7781 

C.VjHy, . 

152-5 

53*8-54 

0-7785 


160 

56*8-57 

07787 

c, 7 h m . . 

167 

About 59 '4 

0-7789 

CaH* . . 

173-5 

About 61 '6 

0-7792 

C 2 jjII 6o . 

179 

63-6-64-1 

0-77&7 


186 

65‘6 

07797 

C;)]H 64 , 

| 193-5 

68-4 

0-7799 

cyv, • ■ 

201 

69-8 

0-7798 

tyhjH • 

208 

71-8 

0-7801 

Cyiro ■ • 

215 

About 73 

0*7806 


222 

About 74 

0 7813 

j • 

About 230 

About 76 

0-7819 


The author 7 found in a number of commercial paraffin waxes, 

1 Jahrbuck d. Chem., 1907, xvii. 414. 2 Ibid., 1904, xiv. 447. 

3 Ibid., 1898, viii. 412. 

4 Ibid., 1910, x. 397. 5 Ibid,, 1905, xv. 431. 

6 Berichte , 1907, 4779. 7 Unpublished observations.. 
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melting: from 132*5° to 138° F., percentages of carbon and hydrogen 
varying^respectively from 85 to 85*59 per cent, and f^om 14*80 to 14*96 
per cent. For a hydrocarbon of the saturated series theory requires 
for carbon 85*62 and for hydrogen 14*38 per cent. 

Petroleum paraffin wax must not be considered as identical with 
the wax obtained by destructive distillation. As a rule, the paraffin 
wax obtained by destructive distillation is, in its technical applications, 
superior to petroleum paraffin wax. 

In the trade crude paraffin wax is termed “ scale.” This contains 
varying quantities of impurities or “ dirt,” water, and hydrocarbons of 
lower melting point, consisting chiefly of “ soft paraffin.” The latter, 
being valueless.to the candle-maker, is termed “oil.” 

There is no sharp line of demarcation between the solid hydrocarbons 
and “ oil,” as the hard paraffins pass gradually through “ soft ” or low 
melting point paraffins into “oil.” The amount of “ oil ” pressed out 
in practical working naturally depends on various circumstances, such 
as temperature, pressure, length of time during which pressure is applied, 
etc. It will therefore be readily understood that a laboratory test for 
“ oil ” must be an arbitrary one. 

Hence methods of testing are arranged by contract between buyer 
and seller and are laid down in specifications. 

The methods agreed upon by the Scottish Mineral Oil Association 
and certain Representative Purchasers for the sampling and testing of 
scale are as follows : 1 — 

Sampling of Seale. — The sample is taken by means of a metal 
tub«\ slightly conical, so t hat a cylindrical core of paraffin wax is ob- 
tained. Immediately after the sample has been drawn, it is thoroughly 
mixed and placed in suitable wide-mouthed bottles, which may be 
closed either with glass stoppers or good corks ; if the latter are used, 
they should be covered with paraffin paper or soaked in melted paraffin 
wax before being inserted. The scale should be tightly packed and 
should fill the bottles completely, as otherwise partial evaporation may 
occur, when moisture will condense on the upper portion. The bottles 
are then finally sealed in the usual maimer. 

Determination of Dirt in Seale. — The amount of dirt (fibres of 
press-cloths, sand, etc.) in scale is determined by melting a weighed 
quantity— not less than 7000 grains (453*58 grrns.) — allowing to subside, 
and pouring off the clear paraffin wax. The residue is then mixed with 
naphtha or petroleum ether, thrown on a weighed dry filter paper, 
washed with the solvent used, dried, and weighed. 

Determination of Water in Seale. — The amount of water present 
in scale may be determined by either of the . following processes (the 
determination by “ subsidence ” 2 having been abandoned as leading 
to erroneous results) : — 

(a) Distillation from a Copper Flask. — From 1 to 2 lbs. of the scale 
are heated in a copper flask connected with an ordinary Liebig con- 

1 Joum. Soc. Chan. hut.. 1891, 846. 
a Sutherland, Journ. Soc. Chan. hut.. 1887, 123. 
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denser. The flask should be about 11" high, 8" in diameter at the 
bottom, and l£" f at the mouth. By means of a powerful Bunsen 
burner the water is volatilised and then condensed, a small quantity 
of light oil passing over at the same time. The distillate is received 
in a narrow graduated measure, so that the volume of water can be 
read off. As a little water usually adheres to the sides of the con- 
denser tube, this must be washed off with petroleum ether or naphtha 
(previously saturated with water) and added to the bulk of the water. 

(b) Price’s Company’s Method. — 500 grains (32-4 grins.) of the scale 
to be tested are weighed in a porcelain basin, and heated with con- 
stant stirring to 230° F. (110° C.), until bubbles cease to be given off ; 
the loss is determined by weighing the residue. 

500 grains (32*4 grms.) of the same scale, freed from water and dirt 
by melting at a gentle heat and by subsidence, are heated under exactly 
the same conditions (temperature, length of time) and the loss is 
determined. The loss now found is deducted from the loss ascertained 
previously ; the difference is taken as the quantity of water present. 

Determination of Oil in Scale.— A quantity of the scale, freed from 
water and dirt by melting and subsidence, is allowed to cool over night 
to a temperature of 60° F. (15*5° 0.). The solid mass is then ground 
to powder, and a portion of this is used for the determination of oil. 

250 grains (16*2 grms.) of the scale (or 150 grains— 9*6 grms. in 
the case of a scale containing much oil, i.e. over 7 per cent) are wrapped 
in fine linen press-cloth and a number of layers of filter paper, sufficient 
to absorb all the oil. The oil is then expressed in a press, 1 which must 
be provided with a pressure gauge. 

The cup in which the scale is placed during the application of 
pressure must have an area of 20 square inches ; the maximum pressure 
allowed is 10 cwts. per square inch, the working pressure being 9 cwts. 
per square inch. The scale must remain under pressure for fifteen 
minutes ; the temperature of the scale and of the press should be 60° F. 

Since the oil is determined in scale which has been freed from water 
and dirt, the result so obtained must be calculated to the original scale. 2 
In Germany the “ oil ” was determined in a direct manner by Holde's 
method. 

Holde operates as follows : — 0*5 grm. of the wax is dissolved in 
30 c.c. of ether, and 30 c.c. of 96 per cent alcohol are added. The 
mixture, after stirring, is cooled to 20° 0., and the precipitate filtered 
off and washed with 10 c.c. of the alcohol-ether mixture. The insoluble 
wax is washed into a tared beaker with hot benzene, and after the 
evaporation of the solvent it is dried at 105° C. and weighed. The 
filtrate is evaporated to dryness and washed with 6 c.c. of the alcohol- 
ether mixture at a temperature of - 20° C. ; the weight of the insoluble 

1 No special form of press is recommended for general adoptiou. A description of 
several forms of presses is given Jorum. Hoc. Ckcm. Jml ., 1891, 346. Cp. also Carpenter 
and Leask, Soap, Candles , etc., p. 324. 

2 For a direct method of determining oil in scale, based on the ready solubility of 
the “oil ” in acetone, in which the hard parafiin wax is practically insoluble at lf>“ ('. ; 
cp. L. Neustadl, Chew. Zeit., 1906, 38. Jan Mijs Az (French patent 378,796) claims 
the purification of parafiin wax by means of acetone (methylalcohol, ethylalcohol, acetic 
acid, and acetic anhydride). Cp. also Graefe (Chew. Ze.it,, 1907, 409). 
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portion is added to that of the first residue. The residue left on 
evaporation of the filtrate represents the amount of # oil in the sample. 
The transparency of a sample of paraffin wax is no proof that it 
contains no oil, since Singer 1 found 3*6 per cent of. oil in a transparent 
paraffin wax. 

Epstein and Polonyi 2 propose a method based on the depth of the 
colour developed when a wax containing oil is mixed with picric acid. 

The finished material of the Scottish paraffin industry is sold as 
“ soft ” paraffin wax if its solidifying point be below 48° C. — 118° F. 
Paraffin wax of a melting point above 120° F. is termed “ hard ” paraffin 
wax. The candle material produced in the Saxo-Thuringian industry 
has, as a rule, a melting point of 53°-56° (J. ; material of lower melting 
point (50°-52° C») or higher melting point (60° C.) is but rarely produced. 
The melting points of Rangoon and Assam commercial paraffin waxes 
have been given above (p. 255). 

Besides colour, transparency, 3 and odour, the most important crite- 
rion in the valuation of paraffin wax is the determination of the melting 
point. The specific gravity is of minor importance. Still, in controlling 
the process of manufacture, the following tables will be found useful : — 


Specific Gravity of Par affvn Waxes (Allen)* 


No. 

Origin of Sample. 

Specific Gravity. 

Solidifying Point. 

Solid, at 15* 0. 

Liquid, at 99* O. 

•o. 

i 

Shale oil . 

0-8666 

0-7481 

44-0 

)> 

>» 

0-8961 

0-7494 

47-0 

3 


0*9000 

0-7517 

52-0 

4 

}J 

0-9111 

0-7572 

58-5 

5 

American petroleum. 

0-9083 

0-7535 

53-8 

6 

Rangoon tar 

0-8831 

0-7571 

49-0 


Specific Gravities of Refined “American Paraffin Waxes (/. Redwood) 5 


°F. at which 
the Gravity 
was 

determined. 

Melting 
Point 
108* F. 

Melting 
Point 
114’ F. 

Molting 
Point 
120-5* F. 

Melting 
Point 
122 25* F. 

Melting 
Point 
122-75* F. 

Melting 
Point 
128-20* F. 

Melting 
Point 
133-25* F. 

160 

0-77069 

0-77193 

0-77391 

0-77079 

0-77023 

0-77573 

0-77723 

155 

0-77119 

0-77330 

0-77531 

0-77149 

0-77163 

077653 

0-77853 

150 

0-77309 

0-77473 

0-77657 

0-77319 

0-77283 

0-77803 

078003 

145 

0-77509 

0*77620 

0-77777 

0-77519 

0-77463 

0-77973 

0-78153 

140 

0-77679 

0-77763 

0-77847 

0-77689 

077633 

078133 

078333 

135 

0-77899 

0-77953 

0-78147 

0-77869 

0-77843 

078303 


130 

0-78049 

0-78113 

0-78267 

078029 

0-77973 



125 

0-78199 

0-78343 

0*78441 





120 

0*78359 

0*78473 


... 




115 

0*78529 



... 

. 




1 Jotmi. Soc. Chevi. hid., 1909, 789. a I ‘rtf oleum , 1912, 594. 

3 Transparency is not a proof that it is free from oil. 

4 Comm. thy. Annul, vol. ii. p. 411. 5 Joum. Sm\ Chan, lnd., 1889, 183. 
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Specific Gravities of American Paraffin Waxes at 60° F. (I. Redwood) 


Melting 

Point 

10ft* F. 

Molting 
Point 
111-5* F. 

Melting 
Point 
120-5* F. 

Melting 
Point 
122-26* F. 

Melting 
Point 
125-76* F. 

Melting 

Point 

131* F. 

" 1 
0*87525 ' 

j 0-88230 

0-89895 

0-90105 

0-90350 

0-90865 


The subjoined table, due to Tenet, 1 gives the melting points of each 
of twenty successive fractions into which three paraffin waxes of the 
given melting points have been resolved. The temperatures are degrees 
Fahrenheit. * 


Melting Points of Fractions obtained from Paraffin Waxes 


No. of 
Fraction. 

Of Melting Foint 

120’ F. 

Of Melting Point 

111° F. 

Of Melting Point 
102* F. 

1 

119-0 

103-0 

94‘0 

2 

120-0 

104 0 

94-0 

3 

120-5 

101-5 

95 0 

4 

121-0 

105-1) 

90 0 

5 

121-0 

100-0 

900 

6 

121-0 

107-0 

97-5 

7 

121-5 

107-5 

98-0 

8 

122 0 

108-0 

98-5 

9 

122-5 

108-5 

99-0 

10 

123-0 

109-0 

99-0 

11 

1240 

110-5 

100-0 

12 

125-0 

112 0 

102-0 

13 

120-0 

113-0 

103-5 

14 

127 0 

113-5 

105-0 

15 

128-0 

114-5 

100-5 

10 

129-0 

110 0 

108-0 

17 

130-0 

117*0 

109-0 

18 

132-0 

119-0 

1100 

19 

1340 

123*0 

112-5 

20 

138-0 

125-0 

113-0 

- 


A uniform method of determining the solidifying point (or setting- 
point) of paraffin wax has not yet been universally agreed upon . Hence 
in commercial analysis three different methods are in vogue, known as 
the “ English test,” the “ American test,” and the “ German test ” 
respectively. 

English Test .— A test-tube, about 1 inch in diameter, is filled to the 
depth of about 2 inches with the melted paraffin, a small thermometer 
is inserted, and the mass stirred steadily, while the test-tube and its 
contents are allowed to cool slowly. The temperature at which the 
thermometer remains stationary for a short time is the melting (setting) 
point. It should be noted that paraffin wax does not behave like 

1 Jovrn. Soc. (-hem. lnd M 1887, 350. 
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mixed fatty acids, which on solidifying exhibit a sudden rise of tempera- 
ture (Yol. I. Chap. VIII.). With paraffin wax the mercury column of 
the thermometer remains stationary at the melting point for about half 
a minute ; but no rise takes place, and the mercury then falls steadily. 

In order to render the indications more definite, the author takes 
larger quantities than directed above, using a test-tube of the same 
size as described for the titer test (Yol. I. Chap. YIJT.). The stirring 
is interrupted when the solidification point is almost reached, and the 
fall of temperature is then observed from minute to minute ; that 
point at which the mercury column remains stationary the longest time 
is taken as the solidifying point. The following example will best 
illustrate an observation : — 


Time. 

Tempcraturo ° F. 

Time. 

Temperature °F. 

3*12 

145 

; 3*23 

121*75 

3*18 

143 

3*24-3*28 

124*5 

3*15 

137*5 

3-29-3*32 

124*25 

3*16 

135 

, 3*33-3*35 

124-1 

3-17 

133 

| 3-36-3*46 

124 

3-18 

130*5 

3*47 

123-9 

8*19 | 

1 129*5 

! 3*48 

123-85 

3*20 

127 

3*49 

123*60 

3*21 

126 

3*50 

123*50 

3*22 

125 




The thermometer remained stationary for fourteen minutes at about 
124° K., and therefore this number is returned as the solidifying point. 
A similar suggestion has been made by Fischer} who carries out the 
titer-test method in the manner proposed by Finkcner, and described 
under “ Titer test ” (Vol. T. Chap. VIII.), using a 150 c.c. flask. The 
indications become thereby still more distinct, but as an experiment 
carried out by the author according to Fischer's directions required 
two and a half hours, as against about forty minutes for the smaller 
quantity, it will be found more useful to employ about 50 grms. of 
material. 

American Method.- The melting point is determined as follows : — 
A sufficient quantity of wax is melted to fill three parts of a half-round 
dish, three and three-fourth inches in diameter. A thermometer with 
a round bulb is suspended in the melted mass so that the bulb is only 
three-fourths immersed. The melted paraffin is then allowed to cool 
slowly, and the temperature at which occurs the first indication of 
“ filming,” extending from the sides of the vessel to the thermometer, 
is taken as the melting point. 2 

German Method (“ Hallenser Vorsc.hr if t ”). - -A small beaker, 7 cm. 

1 Zeits. /. awjev\ Chan ., 1906, 1323. 

- Garrigues (Joitrn. Soc. Chan. Ind. t 1895, 281) proposes to take this point l»y melt- 
ing 30 to 50 grms. of the sample in a beaker, inserting tlie thermometer so that the bulb 
is completely immersed, and twirling the beaker continuously in one direction until the 
mercury ceases either to fall or rise. At first, it falls rapidly and regularly, then more 
steadily at the rate of 0*1° to 0*20' C. per minute until it reaches a point, at which it 
remains stationary for about half a minute. This point is taken as the melting point. 
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high and 4 cm. in diameter, is filled with water and warmed to about 
70° C. A small piece of the sample of paraffin wax is then thrown on 
to the water so as to form, after melting, a disc of about 6 mm. diameter. 
A centigrade thermometer, 1 made according to the directions of the 
Halle Association, is then immersed in the water so that the bulb is 
entirely covered, and the mass is allowed to cool slowly. The tempera- 
ture at which a film is observed on the paraffin wax is noted as the 
solidifying point. 2 This method has been somewhat modified without, 
however, increasing its reliability. 3 The indications furnished by this 
test are criticised by Graefe . 4 

It is evident that the determination of the solidifying point, accord- 
ing to the Amorican and German methods, must lead to very uncertain 
results. The best plan is to adopt the “ English ” method, with the 
author’s modification described above. With reference to the German 
method, it may be stated that the manufacturers of lignite paraffin wax 
are likely to adopt Shukojf's 5 method (Vol. I. Chap. VITL). In the 
commercial valuation of Galician paraffin wax, Shukoff’s method is 
used almost exclusively. 6 L. Weinstein 7 has shown that the results 
obtained by the capillary-tube method are very concordant. 

In order to show that the melting and solidifying points of paraffin 
waxes do differ (cp. above, p. 255 ; ep. also below, “ Ceresin ”), a few 
numbers due to Lewkowitsch are appended : 8 — 


Paraffin Wax. 

Melting Point. 
Capillary Tube. 

Solidifying Point. 

Rangoon .... 

136*5° F. = 58*05° C. 

135*75° F 

= 57*65° C. 

Scotch .... 

1 32" F. = 55 "5° C. 

128° F. 

= 53*5° C. 


Breth states 9 that different parts of block paraffin wax will show 
different solidification points, the wax from the centre of the block 
having the highest. 

Candles made exclusively from the ordinary paraffin wax, melting 
point 120° F., are too soft and bend too easily for ordinary purposes. 
Hence, in the manufacture of paraffin candles, from 5 to ] 5 per cent of 
“ stearinc ” is usually admixed with the paraffin wax. 10 

1 This thermometer is supplied l>y Feed. Define, or ./. II. Schmidt, Halle a/S. 

- down. Soc. (Jhem.. 1ml. , 1.S87, 567 ; ep. also Kissling, (Jhem. Zeit 1898, 2 ; Chan. 
Revue, 1904, 217. 

:1 Cp. Fischer, Zdt x. f. umjetc. (Jhem.., 1906, 1323. 

4 Laboratoriu m sfnich f. d. Jlnnivkoldentcei'^lnd., 1908, 74. 

5 With regard to a criticism of this method by Kissling, ep. (Jhem. Revue, 1909, 46, 
and Shutoff's reply [ibid., 1908, 112). 

Singer, Petroleum, 1909, 1038. 

7 C than. Ze.it., 1887, 784. 

8 Cp. also Graefe, (Jhem. Zeit., 1904, 1141. 

! * Petroleum, 1911, 106. 

10 Other paraffin candle hardeners (“candle stiffener”), ceresin and montan wax, are 
described below (p. 271) ; hydroxystearie acid has been mentioned already. The 
addition of ae.idyl derivatives of aromatic bases, such as stearic anilide, stearic -p- 
toluidide, stearic -0-naphthylamide, stearie-m-phenylenediamide, etc., has been patented 
by Liebreich (French patent 322,026 ; German patent 136,917 ; cp. also German patent 
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The melting points of a mixture of paraffin wax and stearine cannot 
be calculated from the melting points of the components (cp. Vol. I. 
Chap. III.). It is therefore necessary for the proper control of the 
manufacture that each works’ chemist construct an empirical table 
from the melting points of his special materials. Such empirical tables 
are given below for (a) mixtures of Scotch paraffin wax and “ stearine,” 
and (b) mixtures of Thuringian paraffin wax and “ stearine.” 


(a) Melting Points of Candle Material from “ Mixed Paraffin Wax ” 
(Scotch Pyro paraffin) and lC Stearine ” (/. Redwood) 

A 


Paraffin Wax. 

Stearine. 

Mixture. 

Ter cent. 

Melting Point. 

Per cent. 

Melting Point. 

Melting Point. 


•It 


•F. 

• F. 

90 

102 

10 

121 

100 

80 


20 


98-5 

70 


30 


100 

(50 


40 


104*5 

50 


50 


110-5 

40 


60 


111-0 

30 


70 


113-5 

20 


80 

M 

117-5 

10 


90 

ft 

119-0 


B 


Paraffin Wax. 

__ __ 

Stearine. 

Mixture. 

Per cent. 

Melting Point. 

Per cent,. 

Melting Point. 

Melting Point. 


•F. 


0 K. 

* F. 

90 

120 

10 

123 

118 

80 


20 

> > 

116-50 

70 


30 


114 

(50 


40 

> > 

112 

50 


50 

f} 

110 

40 


60 

*> 

109 

30 

J ) 

70 

yy 

113 

20 


80 

y y 

118-50 

10 

» 

90 


119-50 


13(5,274). The advantage (cp. also hrwkowitsch, Ju/uhach </. Ghent., 1902, xii. 370) 
of tiiis admixture was supposed to consist in the candle material having a higher melting 
point than without this addition. (Iraet'e (Ghent. Zeit., 1904, 1144) lias, however, shown 
that the alleged raising of the melting point is a fictitious one, inasmuch as the anilides, 
which melt at a higher temperature, float in the melted paraffin, and require further 
heating he fore the substance in the capillary tube is completely melted (cp. also Spiegel, 
Ghent, ZeiL , 1900, 1235 ; Clracfe, ihid., 1907, 19); O. Kulka, Ghent. Heme, 1909, 30 ; 
Rasterlicld ami Taylor patent the use of stearone produced by the interaction of stearic 
acid with iron tilings at ;> high temperature. 
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C 


Paraffin Wax. 

Stearlne. 

Mixture. 

Per cent. 

Melting Point. 

Per cent. 

Melting Point. 

Melting Point. 


•F. 


° F. 

•P. 

90 

120-25 

10 

129-76 

118-50 

80 

} } 

20 


11675 

70 


30 


114-50 

60 

M 

40 


112-25 

50 


50 

1 » 

113 

40 

,, 

60 

1 1 

‘118-75 

30 


70 


122 

20 

,, 

80 


124-50 

10 

1 

" 

90 


127 


D 


raraftin Wax. 

Stearine. 

Mixture. 

Per cent. 

Melting Point. 

IV] 1 cent. 

Melting Point. 

Melting Point. 


*F. 


•K. 

*F. 

90 

125 

10 

121 

123 

80 


20 

f f 

121 

70 


30 

} j 

119 

60 


40 

f f 

117-50 

50 


50 

yt 

114 

40 


60 


111 

30 


70 

? % 

107 

20 

> J 

80 


114 

M°_J 


90 

- 

117 


Paraffin Wax. 

Per cent. 

Molting Point. 


•P. 

90 

130 

80 


70 


60 


50 


40 


30 


20 


10 



]0 

20 

30 

40 

60 

60 

70 

80 

90 


Molting Point. 


*P. 

121 


Melting Point. 


•F. 
128 
125 ‘50 
123 
121 

118-60 

114 

109 

115-50 

118 
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F 


raraffln Wax. 

Stearine. 

Mixture. 

Per cent. 

Melting Point. 

Per cent. 

Melting Point. 

M citing Point. . 


*F. 


* F. 

•F. ' 

90 

o 

CO 

10 

129 75 

130-50 

80 


20 


128-50 

70 


30 


126-50 

60 

1) 

40 


124-25 

50 

> I 

50 


121-0 

40 

1 J 

60 


11775 

30 


70 


119-50 

20 

9 I 

80 


125-25 

10 

> ) 

90 


127-50 

L 


[Table 
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(l>) Melting Points of Candle Material from “ Mixed Paraffin Wax ” 
(. Thuringian Pyroparaffin) and “ Stearine ” ( Scheithauer ) l 


Paraffin Wax. 

Per cent. 

Of Melting 
Toint. 

"C. 

“Stearine” of 
Melting Point S4* C. 
Per cent. 

Melting Point 
of Mixture. 

°C. 

90-0 

36*5 

10*0 

36*5 

66*6 


33*3 

39*0 

33*3 


66*6 

45*75 

10*0 

” 

90*0 

51*75 

90*0 

37 *5 

100 

3(?*5 

66 *(j 


33*3 

35*5 

33*3 


60*6 

47*0 

10*0 

it 

90*0 

52*0 

90*0 

• 10*75 

10*0 

39*75 

66*6 


33*3 

40*50 

33*3 

„ 

66*6 

47*50 

100 

„ 

90*0 

52*0 

90*0 

4 f »*0 

10*0 

44 0 

66*0 


33*3 

40*75 

33*3 


66*6 

48*0 

10*0 

» 

90*0 

52*5 

90*0 

48 *5 

10*0 

47*5 

60 *6 


33*3 

| 45*0 

33*3 

|J 

66*6 

| 47*75 

10*0 

» 

90*0 

52*50 

90*0 

50*0 

10*0 

49*0 

<56 *6 

}} 

33*3 

47*0 

33*3 

j j 

66*6 

47*5 

10*0 

i ,, 

90*0 

52*5 

90*0 

54*0 

10*0 

53*0 

66*6 


33*3 

49*0 

33*3 

it 

06*6 

47*0 

10*0 


90*0 

52*5 

90*0 

56*5 

10*0 

55*5 

66*6 


33*3 

52*0 

33*3 

n 

66 6 

47*5 

10*0 

” 

90 *0 

52*5 


In the Thuringian industry five kinds of paraffin candles arc 
produced : (1) Candles of the melting point 53°-54° C. (“ Adler- 
kerzen ”) ; (2) Candles of the melting point 54°-55° C. ( u Brillant- 

1 Die Faheikatiou are MineroWle, Braunschweig, 189ft. 
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kerzen ”) ; (3) Candles of the melting point 55°-56° C. (“ Kronenkerzen 
“ Salonkerzen ,? ) ; (4) Candles of the melting point 56° C. (“ Baum- 
kerzen ) ; and (5) Candles made from 33*3 per cent stearine and 66*7 
per cent paraffin wax (“ Composition skerzen {H diamt. 1 ) 

The differentiation of paraffin waxes obtained from different sources 
is a very difficult problem. It cannot be effected with the aid of the 
melting points, of the iodine values, 2 or of the refractive index. 3 
Graefe 4 suggests as a method of differentiating “ protoparaffins ” from 
“ pyroparaffins ” to treat the sample witli an equal volume of con- 
centrated sulphuric, acid of 66° Be. ; the “ protoparaffins ” arc stated 
to remain light-coloured and impart to the sulphuric acid layer only a 
slight colouration, the acid itself remaining clear, whereas the “ pyro- 
paraffins ” become brown or yellow, and the sulphuric acid layer is 
turbid. 5 A method may perhaps be based on the solubility in absolute 
alcohol. 6 The paraffin waxes from petroleum are comparatively 
easily soluble in absolute alcohol, whilst the Saxo-Thuringian waxes 
are much less soluble in this menstruum. (Ceresin is almost insoluble.) 

Uol<tc records the following solubilities for a petroleum paraffin 
wax : 7 — 


100 parts of absolute alcohol dissolve at 20° C. 0* 1-0’ 19 parts 

100 „ „ „ 15° C. 0 015-0-017 „ 

whereas the Saxo-Thuringian paraffin waxes of melting point 55°-56° (J. 8 
gave the following data : — 

100 c.c. of 99-5 per cent alcohol dissolve 0-031 grms. at 0° C. 

100 c.c. of 98-5 „ „ „ 0-029 grms. at 0° C. 

In the case of soft paraffin waxes (such as are obtained in the Saxo- 
Thuringian industry) the solubility in alcohol increases with the decrease 
of the melting point. 9 The lower the melting point the greater is the 
loss by volatilisation at temperatures ranging from 100° to 125° C. 
The following table given by Eisenlolir for soft Saxo-Thuringian paraffin 
waxes is instructive : — 


1 Zeits.f. outjen\ Chan., 1908, 61-1. 

“ Op. Lewkowilsoh, Jaluintrlal. Chan., 1905, xv. 430. 

:l Mareusson and Meyerhcim, Ze.its. f. (inyen\ Chan., 1910, 1059. 

4 fait*, f. anyan. Chan., 1905, 1580. 

5 Op. also I strati and Miehaileseon, Chan. Cenfra/ht, ,, 1904, ii. 1447. 

Holand, Zeits. f. unyew. Chau., 1903, 614. 

7 Chan. Haw, 1898, 114. 

N Although the origin was not stated, the wax was most likely a Saxo-Thuringian wax 
since the numbers given above have been confirmed by Eisenlolir, Ze.its. f. a ajar. Chan., 
1897, 334, for a lignite paraffin wax of the melting point 55-5° C. 

!l Eisenlolir, Journ. Sac. Chan. Ind., 1897, 701. 


[Table 
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• 

Paraffin Wax of 

Loss by Volatilisation. 

Melting Point. 

At 100° C. 

At 125* C. 

•c. 

Per cent. 

Pei cent. 

29-5 

io-o 


33-0 


18*5 

38‘0 

1-4 


48-0 

1 

1*8 


Graefe 1 ascertained the following solubilities for a Thuringian 
paraffin wax melting at 53-5° C. : — . 


1 c.c. of 


dissolves at 20° 

Ethyl acetato 


M milligrf 

Acetone . 


1-2 

Alcohol (96 per cent) 


1-9 

Ether 


83-4 

Petroleum ether . 


. 200 

Ligroin 


244 

Chloroform 


. 246 

Benzene . 


. 285 

Carbon tetrachloride 


. 317 


(fi) CERESIN (OZOKERITE PARAFFIN) 

The raw material used for the production of ceresin is ozokerite, a 
natural bituminous product occurring in many parts of the globe in 
the vicinity of petroleum springs. The best known ozokerite is the 
Galician. 2 The ozokerite (“ Ncftgil '’) occurring on Tcheleken Island 
(the petroleum found there contains 5*5 per cent of paraffin wax, p. 255) 
is much softer and darker than the (lalician. Ozokerite is also found in 
Roumania, 3 in Utah, 4 in the Argentine, and in the Orange River Colony. 

The export of ozokerite for the first half of 1909 from Austria- 
llungary is stated to have been 1117 tons, £67,500. 

It is reported that rich pockets of ozokerite have been found in 
Hungary (district Kdrosmezo) at a depth of 270 feet.' It is further 
stated that, above this ozokerite layer, petroleum has been found at a 
depth of 60 to 80 feet. 

It is noteworthy that the hardness of the ozokerite decreases as the 
layer increases in depth. Thus the “ marble wax ” ( ;< Boryslawite ”) is 
found frequently up to a depth of 300 feet ; at a depth of 600 feet it 
disappears altogether. At this latter depth a salve-like wax (“ kende- 
bal ”), which is a mixture of paraffin wax and petroleum, is found. 

1 Chem. Jleone , 1906, 30. 

2 Cp. J. Berlinerblnn, has Erdmuehs, Oznkerit und Ceresin , 1897 ; J. Muck, l)er 
Erdwachshe.njfMH in lion/ slaw, 1903. 

3 lstrati and Michaihseou, Chem. Cc.ntratht., 1904, ii. 1447. 

4 Cp. E. B. Gosling. School of M ines Quarterly, 10 [1J, 41. 
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It would thus appear that in the case of the “ kendebal ” the lighter 
component of the original petroleum has not yet evaporated off, or has 
not yet risen to a higher level. 

As regards the origin of ozokerite, the opinion expressed by some 
writers that it is an intermediate product between glycerides and 
petroleum (see Vol. I. Chap. I.) does not seem to be so well supported 
by fa$ts as is the theory which regards ozokerite as a natural petro- 
leum residue, for ozokerite- like masses can be obtained from many 
petroleums by separating from the oil a residue which either settles 
on standing or can be obtained after the more volatile hydrocarbons 
have been removed by gentle heating. These separated masses them- 
selves are not paraffin wax, but form paraffin wax on heating. 

The uppei layers carrying the best ozokerite are gradually becoming 
exhausted, and the boring extends to lower depths than has been the 
case some time ago. Thus the upper strata of 13 or y slaw are exhausted 
and workings now extend to a depth of about 1000 feet. A curious 
observation which lias been made is that with the increasing depth of 
the layers the raw material approaches more and more the character 
of a paraffin wax. This throws some light on the theory of the forma- 
tion of ozokerite, and would point to the fact that the above-given 
explanation that ozokerite is the final product of the change undergone 
on exposure to the atmosphere, is the correct one. 

The colour of crude ozokerite varies from pure yellow to dark brown, 
the shade depending on the amount of admixed oxygenated resinous 
products. 

The specific gravity of the crude ozokerite varies from 0-91 to 0-97. 
Tiic melting point depends on the proportion of liquid hydrocarbons 
contained in the ozokerite. It is therefore difficult to fix a lower limit 
for the melting point ; the upper limit of about 100° 0. is reached by 
the so-called u marble-wax ” (“ Boryslawite ”). In the lower qualities 
the melting point falls to about 50° C. 

The crude ozokerite as mined is freed from water and mineral matter, 
clay, etc., by a liquating process, and by boiling out with water. I he 
thus purified ozokerite consists chiefly of hydrocarbons, but contains 
also oxygenated and wax-like bodies. The degree of facility with which 
crude ozokerite can be kneaded between the fingers affords a rough test 
for valuing. The longer ozokerite has been kept at a temperature 
above 70° *0., and the more carefully the liquation process has been 
conducted, the purer will bo the ceresin obtained from it (see below). 
Fraudulently added impurities are : asphalt-urn (mineral pitch), and 
residues from paraffin oil distilleries. 

In the examination of ozokerite the loss on heating to 150° 0. (which 
should not exceed 5 per cent), the melting and solidifying points, and 
the proportion of mineral matter should be determined. To estimate 
the mineral substances, small pieces arc cut from the bottom of the 
blocks of ozokerite and exhausted with petroleum ether. 

Ozokerite can only be properly valued by closely following the 
process of refining adopted on the large scale. 

Ozokerite was formerly distilled in a current of superheated steam 



270 TECHNOLOGY OF MANUFACTURED OILS, FATS, AND WAXES ch. 

with a view to converting it into white “ paraffin wax.” The yield 
from a good crude njaterial varied from GO to 70 per cent. 

AV“ paraffin wax ” thus obtained has been studied by Pawlewski 
ami Filemonewicz with regard to its behaviour with solvents. 1 The 
ozokerite paraffin had the specific, gravity of 0*9170 at 20° melted 
at 64°-65° 0., and solidified at Gl°-G3° C. 


Solvent. 

Grins, of Oz 
clissol 

100 grins. 

okerite Wax 
'tid by 

100 c.c. 

Weight of Solvent 
required to 
(lissolvn completely 

1 Part of 
Ozokerite Wax. 

Carbon bisulphido .... 
Petroleum ether, boiling up to 75° C. ; 

12*99 

... 

7*6 

spec. grav. =0*7238 

Oil of turpentine, boiling point 158°- 

11*73 

8*48 

8-5 

166° C. . . . . . 

Cumene, comm., boiling up to 1(50° C. ; 

6*06 

5*21 

16*1 

spec. grav. =0*867 

Cumene traction, 150°- 160° C. ; spec. 

4*28 

3*72 

23*4 

grav. =0*817 .... 

Xylene, comm., boiling point 135°-143° 

3*99 

3*39 

25*0 

0. ; spec. gvav. =0*806 . 

Xylene, boiling point 136'-138° C. ; 

3*95 

3*43 

25*1 

spec. grav. = 0*804 

Toluene, comm., 108°- 110° C. ; spec. 

4*39 

3*77 

22 7 

grav. = 0*860 .... 

Toluene, boiling point 108*5°*109*5° 

3*83 

3*34 

26*1 

C. ; spec. grav. =0*860 . 

3*92 

3*41 

25*5 

Chloroform 

2*42 

3*61 

41*3 

Benzene 

1*99 

1*76 

50-3 

Ethyl ether 

1*95 


50*8 

Isobutyl alcohol, spec. grav. =0*804 . 
Acetone, 55*5°-56*5° 0. ; spec. grav. 

0*285 

0*228 

352*9 

= 0*797 

0*262 

0*209 

378*7 

Ethyl acetate 

0*238 

... 

419*0 

Ethyl alcohol, 99*5° Tr. 

Amyl alcohol, i27° - 129“ C. ; spec. 

0*219 


453*6 

grav. =0*813 .... 

0-202 

0*164 

495-3 

Propionic acid 

0*165 


I 595*3 

Propyl alcohol 

Methyl alcohol, 65 *5°*66*5 J C. ; spec. 

0*141 


709*4 

grav. =0*798 

0*071 

0*056 

1447*5 

Methyl formate 

0*060 

... 

1618*7 

Glacial acetic acid .... 

0 060 

0*063 

1068*6 

Ethyl alcohol, 64*3° Tr. 

Acetic anhydride .... 

0*046 


2149*5 

0*025 


3856*2 

Formic acid (c.ryst. ) . 

0*013 

0-015 

7689*2 

Ethyl alcohol, 75° Tr 

0*0003 


330000*0 

L_ - 


The comparative solubilities of paraffin wax of the melting point 
53*7° C. and ce resin of the melting point G8*7° 0. are given by Gher- 
chejfxky 2 as follows 


1 ./mini. (Jin' m. Sue . , 1880 ; Abstr. 82. 
• h's Matures grasses, 1911, 228(5. 
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Solvent. 


j Ethyl alcohol, 96-5 per cent . 

Methyl alcohol, 99-25 per cent 
| Amyl alcohol, b.p. 129°-131° C. 
i Carbon bisulphide . 

I Carbon tetrachloride 
j Chloroform .... 

I Benzene 

; Acetone, 54/58“ C. . 

« Ethyl ether .... 


Amount dissolved in 100 c.c. at ir>° 0. 1 


Ceresin. 

Pamflln. 

0-050 

0-108 

0016 

0-004 

0-100 

0-496 

1-9716 

19-072 

1-948 

11-784 

1-276 

5-332 

0-784 

4-540 

0-028 

0-120 

0-592 

L-920 


At present ozokerite is exclusively worked up for the preparation 
of ceresin. It would, of course, be extremely wasteful to distil ozokerite 
destructively (as has been done experimentally), valuable material 
thereby being converted into gas, coke, and comparatively valueless 
hydrocarbons, boiling from 100° C. upwards. For the commercial 
valuation of ozokerite, Lack 1 recommends the following process : — 

100 grms. of ozokerite are treated in a tared porcelain basin with 
20 grms. of fuming sulphuric acid at a temperature of 170°-180° C. with 
constant stirring, until sulphur dioxide is no longer given off. After 
cooling, the dish is weighed and the loss taken as the sum of water and 
hydrocarbons. The mass is then again melted and 10 grms. of animal 
char, previously dried at 110° 0., are stirred in. A tenth part of this 
mixture is weighed off in a paper thimble, and extracted in a Soxhlet 
apparatus with petroleum ether boiling below 80° 0. The filter is 
dried at 130° 0. and weighed ; the difference gives the ceresin. The 
result may be checked by evaporating the petroleum ether solution and 
drying the residue at 180° 0. The melting point of the isolated ceresin 
is then ascertained. The proportion of fuming sulphuric acid may be 
varied, according as the colour of the refined product is desired to be 
yellow or white. E. von Boyen 2 states that even 5 grms. of ozokerite 
are sufficient for a satisfactory technical analysis. 


The refined product, termed Ceresin (French — Ceresinc ; German— 
Ceresin, Erdwaehs) on account of its resemblance to beeswax (and also 
because of its property of occurring only in an amorphous form), is 
obtained on a large scale in the same manner as in the above technical 
analysis. The crude ozokerite is heated with sulphuric acid whilst 
being stirred constantly. The conditions, namely, quantity of acid, 
temperature, and time of interaction, must be carefully observed and 
adapted to the raw material, as excess of acid, too high a temperature, 
and too prolonged time of interaction lead not only to great loss but 
also to an inferior product, in that the elastic properties of ceresin are 
injured to a large extent. The resulting material is decolourised with 


1 Joiirn. Soc. Chan. lnd . , 1885, 488. 

- Zeits. /’. anyew. Chem., 1898, 383. 
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char and filtered through a filter press. The cakes left in the filter 
press arc extracted with volatile solvents to recover the retained 
ceresin. 1 The ceresin is, as a rule, yellow, but can be made white and 
odourless by further refining processes. It melts between 61° and 78° C. ; 
the so-called “ Sprungwachs ” melts at 75°-80° C. ; its specific gravity 
varies from 0-918 to 0*922. 

Tilde n 2 obtained a crystalline hydrocarbon from ozokerite by 
heating it with concentrated sulphuric acid for some hours, washing, 
distilling, and crystallising the solid distillate from alcohol. The 
hydrocarbon approximated the composition C 28 H 58 and melted at 
about 65° C. 

Rakusin 3 stated that ceresin is optically active, whereas Engler 4 * 
found several samples of (ozokerite and) ceresin to be optically inactive. 

The most important test in the valuation of ceresin is the determina- 
tion of its melting point. The various methods used in commercial 
analysis give different results, as may be exemplified by a sample of 
ceresin examined in my laboratory. The melting point by Fold's 
method (Vol. I. Chap. IV.) (which was stipulated in the contract) was 
151° to 157° F. By the capillary tube method the point of incipient 
fusion was found to be 116° F., and the point of complete fusion 154° F. 
By the “ English method " (p. 260) the melting point was 1 48° to 1 50° F. 
This shows the necessity of laying down in contracts the method by 
which the sample should be tested. 

The method proposed by Finkener 5 for Custom House purposes, viz. 
to determine the dropping point of ceresin, with a view to distinguishing 
ceresin from mixtures of ceresin and paraffin wax, has been criticised by 
Hokle , 6 who showed that mixtures can be prepared from ceresin and 
paraffin wax having dropping points considerably higher than 66° C. 
(the lowest limit laid down by Finkener for pure ceresin) ; moreover, 
mixtures of pure ceresin and carnauba wax may “ drop M at a point 
which lies far above that temperature, and the presence of paraffin wax 
in the mixture can be easily masked by adding carnauba wax. This 
method cannot, therefore, be recommended. 

Ceresin, owing to its high price, is very extensively adulterated with 
paraffin wax and bleached rosin. In order to raise the melting point 
of such a mixture carnauba wax is frequently added. Hosin is detected 
by a definite acid value of the sample and by the Liebermann-Storch 
reaction. 7 Carnauba wax is detected in the unsaponifiable matter by 
the method described, Vol. I. Chap. IX. 

Commercial ceresin is frequently coloured with turmeric, as also 
with tar colours. On shaking the melted sample with alcohol the 
colouring matters pass into the alcoholic solution, which may then be 
further examined (cp. Vol. II. p. 795, under “ Butter ”). 

1 Cp. Zeits. f. unge.w. Chew ., 1899, 1172. 

' l Journ. Chan. Soc., 1905, 502. 

3 Chem. Zut. , 1905, 150. 

4 Ibid.-, 1900, 711. 

6 Mitlh. Kiinigl. Techn. Versuchsanstalten , 1899, vii. 100. 

*« Ibid. p. 103'. Cp. Bindewald, Chem. Ze.it., 1903, 433. 

7 Under the name “Aeresin” oxidised rosin oil is sold as an adulterant of ceresin. 
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Since paraffin wax is much more readily soluble in absolute alcohol 
than is ceresin (which is almost insoluble in this menstruum), paraffin 
wax may be detected in ceresin by heating the sample with absolute 
alcohol, allowing to cool, and placing a few drops of the alcoholic solution 
on an object glass, when the residue will appear crystalline under the 
microscope. This method yields very uncertain results. 

Armani and Rodano 1 determine the turbidity temperature of 
mixtures of ceresin and paraffin wax by dissolving 0*1 grm. in 10 c.c. of 
a mixture of equal parts of absolute alcohol and benzene. The solution 
is allowed to cool slowly and the temperature at which a turbidity 
appears is noted. The following turbidity temperatures have been 
determined : — 


CcrcsiD. 

Per cent. 

Paraflln Wax. 
Per cent. 

• Turbidity 

Temperature. 
°C. 

100 

0 

50 

90 

10 

48 

80 

20 

47-5 

. 70 

30 

47 

00 

40 

44*5 

50 

50 

43 

40 

00 

41*5 

30 

70 

40 

25 

75 

38 

20 

80 

30*5 

10 

90 

30 

5 

95 

27 

0 

100 

20-28 


r l he following table, due to Rcrlincrhlan, may furnish some additional 
means of ascertaining the purity of a given sample : — 


Ceresin. 
Per cent. 

Paraffin 

Wax. 

Per cent. 

Melting Point. 

•a 

Solidifying 

Point/ 

°C. 

Specific Gravity at 

15 c O. 

sfc-sr.” o. 

05° 0. 

100 

0 

70-73 

69*5 

0*921 

0-7835 

0-774 

95 

5 

09-73 

08*5 

0-919 



90 

10 

08-72 

00*5 

0-9175 

0-7800 


80 

20 

06-71*6 

05*0 

0-914 

0-7775 


70 

30 

04-5-70 

03*0 

0-910 

0-7750 


00 

40 

02-09 

02-0 

0-907 



50 

r»o 

58*5-07 

00*0 

0-904 

0-7705 


•10 

00 

56*5-65 

59*0 

0 900 



;jo 

70 

54*5-62 

57 0 

0-897 



20 

80 

52-5-58-6 1 

54-0 

0-894 



10 

90 

49-6-54*5 

49-0 

0-892 



0 

100 

47-52 

L 

47*0 

0-889 

0-7655 

0*756 


Graefe 2 has shown that admixtures of ceresin — from 1 per qent to 

1 Ann. C/tiin. OnUr . delle (laMle., 1912, vi. 109. 

2 Chew. Zeit., 190S, 248. 
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10 per cent — with paraffin wax cannot be detected by the determination 
of the solidifying point, since a paraffin wax of the solidifying point 
54-8° C. when admixed with quantities of ceresin varying from 1 to 10 
per cent still gave the same solidifying point, viz. 54*8° 0. 

The detection of small quantities of ceresin in paraffin wax is carried 
out by Graefe in the following manner : — 

[ One grm. of the sample is dissolved at 20° C. in 10 c.c. of carbon 
bisulphide. In case more than 10 per cent of ceresin be present, no 
clear solution is obtained at 20° C. If the solution has remained clear, 
1 c.c. is shaken in a test-tube with a mixture consisting of 5 c.c. of ether 
and 5 c.c. of 96 per cent alcohol, and kept at 20° C. In case the sample 
consists of pure paraffin wax (Saxo-Thuringian) of a melting point up 
to 54° 0., no separation takes place ; if, however, ceresin be present, 
flocks separate, simulating somewhat the appearance of alumina pre- 
cipitated by ammonia from a very dilute solution. Graefe states that 
even 1 per cent of ceresin can thus be detected. 

In the case of paraffin wax of a higher melting point than 54° C., 
the method breaks down, as such wax gives a precipitate with the 
ether-alcohol mixture, though the appearance of this differs from that 
obtained with pure ceresin. Sommer 1 objects to this method on the 
ground that only American and Saxo-Thuringian paraffin waxes behave 
as described above, whilst Scotch, Galician, and the high melting 
“ Java ” paraffin waxes might be considered to represent a mixture of 
paraffin wax and ceresin, if judged solely by this test. Yet Graefe 2 
maintains that his own method yields correct results, but observations 
made in the author’s laboratory (by Heymavn) on Scotch hard paraffin 
waxes, and even on scale melting at 124°, gave in Graefe’ s test such 
indications as would point to the presence of ceresin. 

Kantorowicz 3 dissolves 1 grm. of the sample in 100 c.c. of boiling 
propyl acetate under a reflux condenser. After cooling the solution to 
30° C. and allowing to stand at that temperature for 10 minutes, the 
precipitated ceresin is filtered off, pressed, and after di ving at 105° C., 
weighed. The dissolved paraffin wax may also be recovered from the 
filtrate. 

Berlinerblan 4 suggested, as a means of detecting admixture of 
paraffin wax to ceresin, the refractometric examinations of a suspected 
sample, or of fractions thereof. Following up this suggestion, Ulzer 
and Sommer 5 thought that paraffin wax might thus be differentiated 
from ceresin. According to their observations, ceresin shows a refrac- 
tion of 11*5-13 “ degrees ” in the butyro-refractometer at 90° 0., as 
against 1 *5-6*8 “degrees” for paraffin wax (and 15 “degrees” for 
montanwax). It is obvious that a “ rapid method ” of this kind must 
be useless under the particular circumstances, especially as no guarantee 
was given for the purity of the ceresin employed. Moreover, the limits 
stated by the last-named observers are far too narrow, as the following 
observations by R. Bery 8 prove : — 

1 Chr 1 , 1 . Ze.iL, 1903, 298. ' Ml., 1903, 40S. 

;t G 'hem. Zeif., 1918, 1500. 

4 V. Inter national Congr. for A/, pi. Vhm ., Berlin, vnl. ii. 625, 1904. 

•' Own. Zeit.. 1906, 142. “ Ibid . , 1903, 755. 
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Butyro-refradometer “Degrees” of Paraffin I Paxes 
(Observed at 84° C. calculated to 40° C.) 



Melting Point. " ( '. 

“ Degrees." 

Soft paraffin 

. 

36-38 

23-6-23*8 

40-42 . 

23 7-24-2 


43-44 

24-6-25-3 


45-46 

25*1-26-9 


47-49 

27*3-28*1 


50-52 

28*6-29*0 

” ” 

59-60 

30*0-30*8 

“Scale” . . . • 

44-48 

26*2-27*0 

Hard paraffin, Saxo-Thuringian 

50-51 

52-53 

27*9-28*4 

28 9-30*5 

t> t> ” 

59-60 

30*0-30-8 

,, ,, Javanese . 

50-51 

28*0-28-5 

,, ,, American 

52-53 

28-2-30*4 


Bulyro-refracto meter 

c Degrees ” of Ceresin 

(Observed at 84° C. 

calculated to 40° C.) 

Melting Point, ° 0. 

" Degrees.’ 

57-58 . 

32-2-32-6 

59-01 . 

32-3-33-3 

00-68 . 

35-2-41-7 

09-70 . 

35-3-42-2 

71-73 . 

. 35-5-42-2 


Berg’s original observations at 84° C. have not been recorded. In 
order to obtain numbers which can be compared with the preceding 
and the following observations, I have calculated Berg’s numbers to a 
temperature of 90° C., using as a factor 0*55 per degree centigrade. 
Provided this factor be correct, the following would be the calculated 
minima and maxima : — 



“Degrees," Minima and Maxima. 


At 40° C. 

Calculated to 90° C. 

Hard parafliu waxes 

27-9-30*8 

0-4- 3*3 

Ceresin 

32*2-12-2 

4*6-14*7 


Higher numbers have been observed by Marcusson and Schliiter 1 
for ceresins, as is indicated by the following table : — 


1 Oheni. Zeit . , 1907, 348. 
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‘ 

Melting Point in 
Capillary Tube. * C. 

Butyro-relrnctometer at (KT C. 
‘‘Degrees ” (calculated). 

Paraffin wax, Saxo-Thuringian . 

55*0-56 ’0 

0-6 

n ., ,, ,, 

51*0-54*0 

0*0 

,, ,, Scotch . 

49*0-54-0 

o-o 

,, ,, Galician 

55*0-57-0 

3*8 

Ccresin prepared in the lahora- I 
tory from ozokerite . . 1 

67*0-69*0 
68*0-69 - 0 
64*5-65-6 

13*8 

13*8 

12*3 


62-0-76*5 

12-1 


72*0 

14-2 


67*0-70*0 

17*7 


67*5-70*0 

12-6 

Commercial cercsius guaranteed 

69*0-73*0 

i 15 '° 

pure, ten samples . 

77*0 

U*5 


83-0-84*0 

17*1 


70*0-72 0 
69*0-70-0 

15*8 

15-8 


58*0-76*0 

14*9 

Commercial eeresin, origin un- 



known 

71*0 

17*8 


Marcusson and ScJiluler rightly point out that a mixture of 60 per 
cent of eeresin having a refraction of 17*1-17-8 “ degrees,” with 10 per 
cent of paraffin wax, would show a refraction of 12*2 “ degrees,” and 
would have to be declared as pure eeresin, if 1 1 her and Sommers' limits 
were to be taken as a guide. 

Marcusson and SchliUer base a method for detecting paraffin wax in 
eeresin on Graefes process, described above. They proceed as follows : — 
3 grms. of the sample, freed from rosin and any saponifiable substances, 
are dissolved in 30 c.e. of carbon bisulphide bv gently warming under a 
reflux condenser. The solution is cooled in a water-bath to 25° C. and 
mixed with 300 c.c. of a solution prepared from equal parts of 96 per 
cent (by volume)- alcohol and ether. The precipitate obtained thereby 
is filtered rapidly on a Buchner filter, washed with 25 c.c. of the alcohol- 
ether mixture at 20° C., and transferred, with the aid of warm benzene, 
into a tared dish ; the solvent is evaporated, and t he residue weighed. 
The percentage of paraffin wax, p, is calculated from the amount of 
precipitate weighed, a, by the following formula 

p - 1 oo - ^ a ^ ~ 60+ j! (60 -a), 

the assumption being made that pure eeresin yields 60 per cent of 
precipitate under the above conditions, whilst paraffin waxes of every 
description remain dissolved in the carbon bisulphide. The authors 
conclude that when the precipitate at 25° C. is less than 50 per cent 
of the original substance, then the sample must be regarded as adulter- 
ated, whereas if 55 per cent or more are found, it may be judged to be 
pure. In case amounts lying between 50 and 55 per cent be found, 
further tests are stated to be required. By distilling off part of the 
solvent and cooling the residual liquid, a precipitate is obtained which 
is passed twice more through the same process ; thus altogether four 
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precipitates are obtained. The crystalline structure and the refraction 
of all four precipitates are then examined. In the presence of paraffin 
wax the filial precipitates are oystallinc, and their appearance is dis- 
tinguishable from the slightly crystalline appearance of the final pre- 
cipitates obtained from pure ceresin. If the sample consisted of a 
mixture of ceresin and paraffin wax, then the refraction decreases in a 
marked degree from the first to the. second precipitate, whereas in the 
case of pure ceresin a gradual decrease only is noticeable. Thus a pure 
ceresin with a refraction of 13*8 “ degrees ” gave a first precipitate 
having a refraction of 1 Hi “degrees/’ and a second precipitate with 
a refraction of 11 ; whereas a “ceresin” containing 50 per cent of 
paraffin wax of the refraction 7*5 yielded by the above method a first 
precipitate havifig a refraction of 16*7 “ degrees,” and a second one with 
a refraction of 6-9. The amounts of first precipitates obtained in the 
case of pure ceresins were found to be approximately the same, even 
when the original substances showed wide differences as regards melting 
point and refraction. Thus two ceresins melting at 67°-70° 0. and 83°- 
81° 0. respectively gave at 20° 0. (at which temperature a larger 
amount of precipitate is obtained than at 25° C.) 64 and 61 per cent 
respectively of insoluble substances, and two other ceresins having the 
refraction of 12-6 and 17*8 “degrees” yielded 66 and 67 per cent 
respectively at 20° 0. 

Holde and Fraud 1 use the following modification of G-raefe’s 
method : — 1 grm. of the sample dissolved in 50 c.c. of chloroform is 
mixed with 60 c.c. of 96 per cent (by volume) alcohol. The precipitate 
is filtered off on a Buchner filter, the solution is evaporated and the 
■residue dissolved in 5 c.c. chloroform and treated with 15 c.c. of 96 per 
cent alcohol. The second precipitate is filtered as before and the 
solution evaporated. 13y these means three fractions are obtained for 
which Holde and Franck give the following figures : — 


First Precipitate. | Second Precipitate. Unprecipitated Residue. 


Ceresin 1, yellow, soft 
Ceresin 1, with 10 per cent 
paraffin wax, in. p. 50°- 
51° C 


Coresin 1, with 15 per cent 
paraffin wax, m. p. 50°- 
51° C 


Ceresin 2, white . 

Ceresin 2, with 10 per cent 
paraffin wax 


It. 

Amount. 

R. | 

, 1 

Amount. 

K : | 

Amount. 

1 154 

79*2 

' 8-0 

6-7 

1. 28*3 

10*8 

! 

14-5 

; i 

75-3 

4-6 

7-5 

! 230 1 

(freed from oil 
+0-6) 

124 

1 1 

140 

1 

I 

75-9 

2-8 | 

I ; 

7-5 

17-2 

(freed from oil 
-1-1*0) ! 

13-0 

i 13-8 

81-3 

! 6-7 

8-6 

12-3 

8-2 

11-9 

74-6 

i 

2-5 

7-5 

1 

i 

7-1 

j (freed from oil 
-1-0) 

11-0 

914, 609. 

Cp. also Holde, t 'heni. lie.na\ 

, 1911, 86. 
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It would appeal- from the foregoing notes that a reliable method 
of analysing ceresin is still a desideratum , as small quantities of added 
paraffin wax, from 10 to 20 per cent, cannot be detected with certainty. 
Mareusson and Schliiters method will, however, be instrumental in 
stemming the adulteration of ceresin, which has been practised to such 
an extent that the belief has gained ground that pure ceresin is un- 
obtainable in commerce. In fact, every candle-maker buys only accord- 
ing to sample, which he tests by his own practical methods as to suit- 
ability for his purposes. 

Although ceresin is largely used in the candle industry for stiffening 
the wicks of night-lights, it is not very suitable for the production of 
candles, not only because those made from pure certain smoke per- 
sistently, but also because ceresin candles cannot be moulded in machines 
with the same facility as are stearine and paraffin wax candles, the 
ceresin candles being very apt to adhere to the mould and to exhibit 
cavities in the solidified mass. To prepare ceresin candles, as is done 
in some Continental works, the material is preferably “ drawn ” in a 
similar manner to that employed in the manufacture of beeswax candles 
(see below). Latterly, ceresin candles are also moulded in special 
moulds, great care being exercised in observing the temperature of both 
candle material and moulds when pouring and when allowing to cool. 
Such “ ceresin ” candles contain throughout some paraffin wax, so as to 
“ correct ” the refractory behaviour of pure ceresin. In hardness and 
in illuminating power ceresin candles considerably surpass paraffin wax 
candles. 

Ceresin is further used to a great extent as a constituent of wood 
fillers ” and “ floor polishes ” (see “ Technology of Waxes ,? ) ; it has 
also been proposed as a constituent of antifouling and antirusting 
paints (to replace effectively tar), and of “ vaseline.” 1 


(y) MONTANWAX — LIGNITE WAX 

French — Cire de lignite. German — Montanmchs, Jhmmkohlenwachs. 
Italian — Cera di lignite. 

Montanwax was first prepared (E. von Boyen 2 ) from the bitumen 
extracted from dried Thuringian lignite by means of volatile solvents. 3 
A specimen of the “ crude wax ” examined in the laboratory melted 
from 80°-86° C. It is easily soluble in hot petroleum ether and in 

1 Cp. also J. Girard and P. .J. Taliourin, French patent 337,7 53 ; cp. also French 
patent 326,348. 

2 German patents 101,373, 116,453; United States patent 1,002,629; Xiuts. J. 
ivnijew. ChfM., 1899, 64 ; 1901, 1110. Cp. also French patent 338,736 by E. 
Bouehaud-Praeeig, who proposes to extract the “wax " from lignite and peat by means 
of alcohol and ether. For vulcanised bitumen cp. English patent 21,742, 1907 (S. 
Paterson). 

3 H. Kohler proposes the employment of naphthalene for extracting the bitumen, 
German patent 204,256. 
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carbon tetrachloride, but is not. completely dissolved hyjiot ether or boiling 
alcohol. 

On being distilled with superheated steam, after Having been freed 
from the solvent, this bitumen yields under ordinary pressure a white 
hard mass, melting above 70° (J., and consisting of a mixture of fatty 
acids and a hydrocarbon. The acid, kk montanio acid,” melts at 80° C., 
and has the specific gravity 0*915. The hydrocarbon is a saturated 
compound of the specific gravity 0*920, and crystallises from benzene 
in shining white lamina*, melting at f>()*5° 0. On heating with con- 
centrated sulphuric acid the hydrocarbon is readily carbonised (differ- 
ence from paraffin wax). 

This hydrocarbon appears to be a product of decomposition, for on 
distilling the extracted bitumen with superheated steam in vacuo the 
then resulting product consists of montanio acid and of an alcohol. 
This would point to the bitumen being a true wax (in the chemical 
sense). The wax is hydrolysed by superheated steam, and its con- 
stituents distil over in the uncombined state. The alcohol is separated 
from the acid by pressing in the hot. The acid is then decolourised by 
treatment with charcoal, etc. 

The still residues— montan pitch, ebonite wax -are (like kk stearine 
pitch ”) used for insulating purposes and in the manufacture of gramo- 
phone cylinders. % 

Another patented method 1 of purifying the crude bitumen consisted 
in melting together 30 parts of crude bitumen with 70 parts of paraffin 
wax and treating the mixture with 10 to 20 per cent of sulphuric acid of 
G(i° He. (or a still more concentrated acid) at 160° to 200° 0., until all 
wti«»r. sulphurous acid, and other volatile substances have been driven 
off completely. The resulting product was then decolourised by means 
of char. It was stated by the patentee that the added paraffin wax 
could be removed by hot pressing. Another process 2 claims purifica- 
tion of the crude bitumen by treating it with nitric acid of specific 
gravity 1*2 to 1*4 in the hot until most of the acid has volatilised, wash- 
ing to remove the mineral acid and separating the dark resinous mass 
from the refined bitumen by filtration. The production of the 
aluminium salts of montanio acid has been patented. 3 

A sample of “ montanwax ” examined in the author’s laboratory 
had the following characteristics 


Melting point . . . . . 80° C. 

Neutralisation value ..... 123-01 

Unsaponifiablo matter in neutralised mass . . G-40 per cent 

Saponification value . . . . .126-58 

Unsaponifiablo in saponified mass . . . 3-58 per cent 


1 Ernst Schliemimn’s Export-Ceresin-Fabrik, German patent 202,909 ; English patent 
22,500, 1910 ; YVaelis- u. Ceresin-Werke, .1. Schlickum and Co., German patent 254,701 ; 
Montanwaehs-Eabrik, German patents 216,281, 260,697 ; Nathanson, German patent 

200,050. 

3 German patent 207,488 (Th. Asher) ; Waehs- u. Ceresin-Werke, J. Schlickum 
German patents 237,012, 247,357. 

■’* Schliemanu’s Export Cercsin Fabrik, G.m.b.U., German patent 221,888. 
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According to Hell} montanic acid 2 has the formula 0 29 ll 58 O 2 , and 
melts at 84° C. This, however, has been shown by Rigg to be a mixture 
of cerotic, montanic, and melissic acids, montanic acid having the 
formula C 28 H f)6 0 2 (cp. Yol. I. p. 171). On calculating the neutralisation 
and saponification numbers found in the author’s laboratory to 
CggHj^Og, the following would appear to be the composition of montan- 
wax : — 



. 

From Neutralisation 

From Saponification 

1 

Value. 

Value. 

1 . 


Per cent. 

Per cent. i 

j Acid 

92'96 

g5’66 ' 

j Unsaponifiable . . . i 

! 

6-1 

3-58 

L 

99-36 

99-21 


From these numbers it may be gathered that the product still 
contains some undecomposed “ wax.” As in each case there is a 
constant difference of about 0*7 per cent the conclusion must he drawn 
that there was present in the sample a small quantity of an acid having 
a higher molecular weight than montanic acid. 

The composition of commercial montan wax has been changed since 
the above detailed examination was made by the author. This will be 
gathered from the following table :~ 



“Montana" Wax. :l 

Mont an wax. 4 

Melting point, 0 C . 

76 

77 

Acid value 

73-3 

93-02 

Saponification value 

73-9 

94-50 

Iodine value 

16 

12-00 

Unsaponifiable matter, per cent . 

47 

28-89 


From each of the samples “ montanic acid ” of the melting point 83° 0. 
was isolated. The unsaponifiable matter of “ Montana ” wax crystal- 
lises from hot benzene in needles, melting at 58-59° C. and having the 
specific gravity of 0*92 ; it is very sparingly soluble in ( old alcohol and 
ether, slightly soluble in chloroform and petroleum ether and dissolves 
readily in the hot solvents. The unsaponifiable matte) 1 differs from 
saturated hydrocarbons in that it dissolves easily in hot absolute alcohol. 
The unsaponifiable portion does not appear to be an alcohol, inasmuch 
as an acetyl derivative could not be obtained by heating with acetic 
anhydride ; 3 nor could it be converted by heating with potash lime into 
an acid. 3 Another commercial product, montanin 3 wax appears to 

1 Zeits.f. anyew. Ohm., 1900, 556. 

2 “ Geoceric acid ” (Kraemer and Spilkw, Bench te, 1902, 1217). 

:l Ryan and Dillon, Proceedings of the Royal Dublin Society, 1909, 202. 

4 Eisenreicli, Chan. Recur, 1909, 211. 
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have been obtained from montanwax by neutralising a portion of the 
free acid with sodium hydrate. The analysis indicated that the product 
consisted of 41*3 per cent of montanic acid, 23-9 per cent of the sodium 
salt of the same acid, and 34*8 per cent of unsaponifiable matter. By 
the partial neutralisation of the free acid, the melting point of the 
product had been raised to 95-97° C. 

\t would appear that Irish lignite yields a similar substance. 1 

Whereas Mugler 2 stated that montanwax in a 1*5 per cent chloro- 
form (or picoline) solution does not exhibit optical rotation, Walden 3 
found for a crude bitumen obtained from lignite by extraction with 
benzene, and which was then again extracted with absolute alcohol, 
the specific rotation [«] D = + 10°. On distilling the bitumen in vacuo 
Walden obtained a yellow oil of buttery consistence which furnished, 
after recrystallisation from alcohol, snow-white crystals, melting at 61 
to 62° C. and exhibiting slight rotation in chloroform solution. On 
heating montanic acid with iron tilings Easferfield and Taylor 4 obtained 
• “ montanone ” of the formula (0 27 14 55 ) 2 O. 

This product was at first proposed as a candle material, but ex- 
tended experience has shown that it is useless for this purpose, especially 
as it produces a smoking flame. As a “ candle stiffener ” it is greatly 
inferior to carnaiiba wax. The “ Orman method v (p. 261) of deter- 
mining the melting point led to the erroneous view' that montanwax 
raises the melting point of paraffin wax or “ stearine, ’ with which it is 
admixed. When the melting points of mixtures of paraffin wax and 
montanwax are determined by Shukojf a method, they are found to be 
low 7 er than is indicated by calculation (op. \ol. 1. Chap. 111.). Alontan- 
wh\ is chiefly used in the manufacture of polishes (see “ Technology of 
Waxes ’*), as a substitute for carnaiiba wax and as an insulating material 
in place of eeresin. Its admixture with tar for waterproofing roois, etc., 
has been patented by Schmidt & Co . ; 5 * it also finds a use as material 
for the production of gramophone records. „ u 

Nearly related to montanwax appear to be “ Sea-weed Wax ” ( Wax 
from Algae ”) and “ Beat wax. ’ 

Sea-weed wax (wax from Algae) (French— dire defucus. German— 
Algenwac/ts. Italian— Gem di alga) is obtained from marine deposits 
of algae, which are known in Germany as “ Sceschlick, and are found 
in large quantities in the peat-bogs of North Germany. Ihis wax 
appears to consist of aracliidic, behenie, and lignoeeric acids, combined 
with higher alcohols containing in the molecule 20 to 22 atoms of 

carbon. , . , 

In the opinion of Kraemer this wax is the motliei substance ot 
petroleum, 7 and the naphthenic acids occurring in petroleum would 
represent acidic decomposition products of the wax. 


1 Ryan and Dillon, Proceedings of the Royal Dublin Society , 1901*, 202. 

2 Chem. Xe.it . , 1906, 711. 

a Ibid., 1906, 1167. 

4 ,/onrn. (hem. Sue., 1911, 21102. 

a German patent 222,768. 

*’ Kraemer and Spilker, Berichtc, 1889, 2940 : 1902, 1-1 — 

7 Chem. Zeit., 1907, 67f>. 
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Peat \fyax (French — Cire de tourbe. German — Torfwachs. Italian 
— Cera di torba).»— By extracting peat with alcohol Zahziechi and, 
Hausamann 1 obtained a wax-like substance 1 2 * 4 which was resolved by 
means of ether into two components. The more readily soluble, dark 
green “ wax,” the odour of which is similar to that of beeswax, yielded 
on saponification with caustic soda an acid melting at 184° 0. and 
showing the composition C^ILgOg, and an alcohol, melting from 124 L ’ 
to 130° C., having the composition (J 20 H 40 O 4 . The second substance, 
which is more sparingly soluble in alcohol, furnished on saponification 
the same alcohol, whilst the acid which was combined with it has 
probably the composition ; this acid did not melt at 260° 0. 

The production of wax from peat has been patented by Bouchard- 
Praceig. 

The selection of suitable candle material or mixtures of candle 
materials for every given purpose, and the selection of wick for these 
require special experience. Thus a candle material having too low 
a melting point will cause guttering and bending of the candle, whereas 
a candle of too high a melting point will burn with an outer “ cup,” 
inasmuch as the supply of melted material is not sufficiently plentiful 
to keep up the burning. 

Schauermanu 3 patents the incorporation of chalk and (or) casein 
to the candle material. 

Candles giving a coloured light are prepared by incorporating 
metallic salts with the candle material : in especial, monochromatic 
candles for photographic purposes are prepared by the addition of 
strontium nitrate, Scheuble 4 states that it is first necessary to prepare 
a candle giving a very slightly luminous flame and proposes for this the 
use of amino or imino acids and their esters, with the addition of an 
oxygen yielding salt, such as ammonium nitrate, to ensure combustion. 

The finished candle material is made into candles by melting and 
moulding it in the well-known candle machines. These machines are 
in outer appearance similar to the soap-cooling- machine shown in 
Fig. 22. Like the latter, they are supplied with hot and cold water, 
but carry in addition at the lower part the wick bobbins which supply 
the wick to the candle material. 

These machines work discontinuous!)' ; after the material has been 
poured into the mould the candles are allowed to solidify, and are then 
taken out by hand. A continuous candle machine has been constructed 
by Fournier and, Company . 5 This machine appears to be somewhat 
complicated, although it may commend itself to large candle-works 
which suffer from shortage of water. A description of candle machines 
and of the various forms of moulds for self-fitting, hollow, and other 

1 French patent. 338,736. 

- Zeits.f. angeio. Chew., 1907, 1141. 

English patent 12,331, 1909. 

4 German patents 216,338, 234,340. 

•' Engineering, 1901, February 1 ; cp. Dresco, German patent 253,048. 
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candles falls outside the scope of this work, and may be omitted all the 
more readily, as all candle machine makers supply catalogues con- 
taining excellent illustrations and full descriptions, ancf setting out in 
detail the advantages of their machines. 1 Nor does the full description 
of the preparation of candle wicks come within the purview of this work. 
It need therefore only be pointed out briefly that the preparation of the 
wide is of great importance in order to ensure the proper burning of a 
candle, each candle material requiring a wick of different thickness so 
as to prevent “ guttering ” on the one hand, and burning with a smoky 
flame on the other. Paraffin wax candles require a thinner wick than 
beeswax or stearin in order to retard the supply of oil to the flame. 
The wicks are made of best cotton, 2 and are plaited ( CamUtceres in 
1825), so that they curl and bend outside the dame, where the cotton 
can burn away completely. Before being put into the candle machine 
the wick undergoes “ pickling/’ the object of this process being to 
retard the loo rapid combustion of the cotton and at the same time to 
vitrify it slightly when it protrudes from the flame, so that the ash 
may drop off readily. By the use of a combination of combustible 
fibres and metallic filaments Sc/teuble and Hochstetfer 3 claim to be able 
to produce a wick which bends uniformly as the candle burns. The 
composition of <k pickling " solutions used to be guarded as a valuable 
secret, and each maker had his own recipe, specially adapted to his own 
candle material. Most of the pickling solutions contain borax, or 
phosphate of ammonia, or potassium nitrate, or similarly acting salts. 4 
The wick is prepared by steeping the plaited material in the pickling 
solution. The excess of the latter is removed in a centrifugal machine, 
and the hanks are then dried in a stove or hot air chamber, and finally 
wound on to the bobbins. 

In order to ensure the ready lighting of a candle JIaase 5 impregnates 
the protruding end of the wick with a solution of celluloid in acetone. 
Ohlsson 6 attempts to reach the same object by a mechanical arrange- 
ment in so shaping the mould that the end of the wick is saturated with 
the candle material. 


The finished candles are cut, 7 washed, polished, branded by 
machinery, and bleached by exposure fo light before being packed. 

1 With regard to moulds made from porcelain and similar material, ep. German 
patent 195,702 (V. Lewy) ; French patent 390,744. 

“ Wicks made ol‘ paper have been patented by S. Funke, German patent 19n,8‘22. 
Wicks containing a wire of easily fusible and combustible metal (especially tor hollow 
candles) have been patented by Varenkamp (German patent 108,811). This patent is 
an imitation of an older patent- of Palmer, who introduced into the wick a thread coated 
with bismuth. 

:f German patent 244,358. 

4 Esc, he, French patent 324,739, patents a “ pickling ” solution consisting of sodium 
silicate, sodium thiosulphate, and ammonium bichromate. The dried wick is then finally 
coated with Japan wax. 

f) German patent 158,928 ; French patent 342,527 ; Calderwood and Webb, English 
patent 26,955, 1910. 

German patent 150,916. 

7 Pouleur and Kojewnikow, German patent 205,784. 
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In order to render candles non-transparent some manufacturers in- 
corporate with the,paraffin wax a small amount of white lead. 

The chemical examination embraces a number of tests which have 
already been referred to incidentally under the description of the 
different candle materials enumerated above (cp. p. 250). Further 
tests to which the finished candles are subjected are “ bending tests.” 
(“stability tests' 1 ), and tests as to the length of time a candle is 
expected to burn (especially in the case of night-lights) . Details of these 
tests are generally laid down in specifications between buyer and seller. 

The determination of the illuminating power (candle power) of a 
given candle falls outside the scope of this work (cp. also “ Sperm 
Candles," below). It must therefore suffice to reproduce here a few 
numbers taken from a table by Locke warn 1 

1 ,/. un yen', (hem., 1906 , 1760 . 


[Table 
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These figures are, of course, subject to market fluctuations, but are sufficiently accurate for purposes of comparison. 
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An inquiry made by the author in 1903 respecting the annual con- 
sumption of candle material in this country led to an estimated quantity 
of 45,600 tons, which may Ite distributed over the different materials 
described above as follows 


Tallow 
“ Stearins ” 
Paraffin wax 
Ceresin . 


1,000 tons 
2,190 „ 
42,200 „ 

100 „ 

45,490 tons. 1 


In the Saxo-Thuringian candle industry about 8000 tons of paraffin 
wax are consumed annually ; to this may be added about 20 per cent 
of “ stearine ” used as a “ stiffener.’' Further general statistical data 
on which any reliance could be placed are not obtainable. It may, 
however, be added that France imported in 1906 and 1907 the following 
amounts of “ stearic ” acid : 2,022,000 and 2,807,000 kilogrms. re- 
spectively. 


II. FATTY ACID INDUSTRY 

The. solid fatty acids prepared in the arts consist almost exclusively 
of a mixture of stearic and palmitic acids, the manufacture of which 
has been described fully in the preceding section. The bulk of the 
“ stearine ” finds its employment in the candle industry ; only small 
quantities are used in other industries, as in the making of polishes (see 
below), of waterproofing preparations, 2 phonograph records, copying- 
ribbons and papers 3 and as an adulterant of beeswax. Lower qualities 
of 4 ’ stearine,'" such as are obtained from 44 Waste Eats " (Chapter XVI.), 
are used for soap-making purposes, etc., for which the " stearine ” 
described above would be too expensive. This applies especially to 
those stearines which contain notable amounts of unsaponifiable matter. 

The preparation of other solid fatty acids belonging to the saturated 
series has been described in Vol. 1. Chap. III., but none of them is 
prepared on a commercial scale, as no demand has arisen hitherto, 
although there appears to be a wide field open for their application in 
the arts. 4 Under the name “ Sabromine ” the calcium salt of dibromo- 
behenic acid obtained by the action of bromine on erucic acid is used in 
medicine. 

The lower fatty acids from butyric upwards are used as such (op. 
butyric acid in margarine manufacture, p. 31) to a very small extent 
only. A patent for their preparation, particularly that of butyric 

1 Spermaceti candles, 50 tons ; beeswax candles, 60 tons. 

2 Hiibner ami Riley ami Co., Ltd., English patent 7972, 1908; I’liiss, German 
pateut 255,354. 

:l Cp. German patents 1/0,820, 171,999; 223,031, 237,772 ; Got.tschalk, German 
patent 233,474 ; Jladisehc Anilin mnl Soda Fabrik, German patent 252,052. 

4 (Jp. Bonnet, English patent 21,068, 1900 ; German patent 124,237. 
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acid, has been taken out by Soc. d'fZtude du Carbutx } Larger 
quantities of those acids are used in the form of esters as flavouring 
essences. A description of the processes employed for the prepara- 
tion of such essences falls outside the scope of this work, and it 
need only be mentioned that for their preparation Haller 1 2 * treats 
glycerides containing notable amounts of lower fatty acids, suck as 
cocoa nut oil and palm kernel oil, with a methyl- or ethyl-alcoholic 
solution of hydrochloric acid (“ alcoholysis ’’), and interrupts the 
process of saponification when the methyl or ethyl esters of the lower 
glycerides have been formed ; these are then separated off and used for 
purposes of perfumery and confectionery. The same object is protected 
in a patent specification by Winter? who saponifies cocoa nut and palm 
nut oils to an extent of 90 per cent only, and then fractionates the 
product with superheated steam in vacuo (op. p. 226). His modus 
operand i mav be illustrated by the following data : — 


Fraction. 

Temperature. 

Vacuum. 

Yield. 

First 

Second ...... 

Residue, neutral fat, tarry matter 

•c. 

220-222 

222-240 

mm. 

50-100 

50-100 

Ter cent. 

50 

40 

10 


The most important of all the liquid fatly acids , from a technical 
point of view, is oleic acid, which will be described below. The method 
for preparing other liquid fatty acids has been given in Vol. T. Chap. III., 
but hitherto these have not yet found extensive application in the arts, 
although to them also a wide field lies open. Attempts have been made 
to use them as solvents ; thus the fatty acids of linseed oil, tung oil, 
and castor oil are proposed, at temperatures above 300° C., as solvents 
of keratin 4 (waste, scraps of horn) and casein. Linseed oil fatty acids 
are used as a solvent for copal gums (without, previous melting) in the 
manufacture of varnishes. 5 

With regard to the technical application of " ricinolcic acid ” cp. 
“ Wool Oils (p. 107). Fatty acids prepared from fish oils require 
deodorising before use. 6 

Besides oleic acid , this section deals with " Soap Stock Fatty Acids *' 
and “ Derivatives of Fatty Acids " made on a commercial scale. 

1 French patent. 409,552. 

2 French patent 361,552. 

8 (Jerman patent 170,563. 

4 German patents 191,552 ; 224,501 (S. Diesser). 

a Invuche, Compt. rend., 1908, 898. 

* Hi »h in, German patent 230,123. 
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1. Oleic AUid, Oleine, Elaine, Commercial Oleic Acid 

French — Acide oleique. German Olsdure, Olein, Elam. 

Italian — Acido oleieo , oleina . 

Commercial oleic acid is a by-product of the candle industry ; and, 
as has been pointed out already, it is obtained in two qualities, viz. 
saponification oleine ” and l ' distillation oleine." 

Saponification oleine 1 is usually of dark colour, and unless carefully 
freed from “ stearine ” by refrigeration, contains considerable quantities 
of soli(J fatty acids. Hence, the iodine value of such oleine lies much 
below 90 (cp. Yol. I. Chap. I.). All the neutral fat which has escaped 
hydrolysis in the autoclave processes is found in this oleic acid. Hence, 
its saponification value is higher than its neutralisation value. 

All the unsaponihable matter contained in the fats subjected to 
“ autoclaving ” is likewise found in the oleine. 

Distillation oleine obtained by the sulphuric acid saponification 
process or by the “ mixed process ” is a distilled product, and hence 
represents a pale transparent oil. It usually contains small quantities 
of solid fatty acids, so that the iodine value of properly manufactured 
*• distillation oleine " from tallow lies between 80 and 80. 

Before the process of distilling fatty acids had reached its present 
state of perfection, large quantities of hydrocarbons (cp. p. 223) distilled 
over together with the oleine, in consequence of destructive distillation 
of neutral fat taking place in the still. It was then easy to distinguish 
“ distillation oleine *' from “ saponification oleine ” by the presence of 
hydrocarbons in the former. At present, however, the manufacturing 
processes are carried out in such a manner that the distillation oleines 
of commerce are practically free from products of decomposition. 2 

The following table contains a few analyses of typical u oleines 55 
as obtained in the saponification of fats : — 


1 In Austria “ oleine ” from the cold presses is sold as “ saponification oleine, pure,’ 
to differentiate it from oleine obtained from the hot presses which is sold as “saponilica 
tion oleine, commercial (ordinary).” 

2 In. order to avoid the formation of hydrocarbons when distilling fatty acids (cspeci 
ally those from acidification processes) Dreymann (English patent 10,460, 1904 ; Frencl 
patent 343,158 ; German patent 164,154) converts the fatty acids into their methyl o: 
ethyl esters (see Vol. 1. Chap. X II.), and distils the esters in a current of steam in vacuo 
The esters are then saponified in autoclaves so as to regenerate the fatty acids and t( 
recover the alcohol. It appears to the author very unlikely that a process of this kirn 
will ever be carried out on a large scale, as the cost would be prohibitive. 
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Analysis of Commercial Oleines (Lewl’owitsch) 


Commercial Oleine from 

Consistence. 

Tallow by autoclave pro- 
cess .... 

Tallow and palm oil by 
autoclave process . • 
Tallow and palm oil by lime 
saponification . 

Fluid, with 
slight deposit 

Clear liquid 

1 

Tallow and palm oil by acid 
saponification . 

Tallow and palm oil by acid 
saponification . 

Tallow by acidilication, 
twice distilled 

Tallow and palm oil by 
acidification, twice dis- 
tilled .... 

Clear liquid 

Solid at lf. 'C. 



I 


Neutral Fat. 


Colour. 

Fatty ! 
Acids. | 

s;ijiom- 

liable. 

Direct. 

»y 

Differ- 

ence. 

Iodine 

Value. 


Ter 

cent. 

Per 

cent. | 

Per 

cent. 

Per 

cent. 


Dark brown 

| 

88-2 ■ 


11 


80 

Dark brown 

80 -0 | 


140 



l’alc brown 

9P0 

2*6 

8-4 






Fact 

ones. 


Pali. 1 , brown 

i 92 2 

8-2 


5*0 


White 

! 97-8 

> 1*0 


1-2 



90 ‘9 

i .. 

3 0 

3-1 

81-3 

” 

94 T. 

4-02 


1-3 

82-3 


Other “ oleines ” obtained from waste products of the fat industries, 
ana containing large proportions of un saponifiable matter, have been 
described already under the headings : u Wool Oils ” (Table, p. 103), 
and “ Distilled Oleines from Recovered Grease ” (p. 103). An ex- 
haustive examination of u oleine *’ of the latter kind has been given by 
way of example in Vol. I. Chap. XT. (cp. also Chap. XVI.). 

For further information on oleines from waste fats, such as “ Cotton 
Seed Foots,” the reader is referred to Chapter XVI. 

In an oleine intended for the manufacture of soap the unsaponifiable 
matter only need be determined, a certain proportion of solid fatty acids 
or of neutral fat being rather desirable than otherwise. For the rapid 
valuation of saponification oleine, intended for soap-making, it suffices 
to saponify with alcoholic potash, and divide the saponification value 
found 1 by 2, when the percentage of saponifiable fat is obtained with 
sufficient accuracy. If it be required to ascertain whether a sample of 
saponification oleine has been obtained from tallow only, or from a 
mixture of tallow with a vegetable fat, the phytosteryl acetate test 
(Vol. I. Chap. IX.) will give the readiest answer. 

Saponification oleine, which is too dark for certain commercial 
purposes ( e.g . pale soap), can be “ bleached ” successfully (cp. Vol. II. 
Chap. XIII.). 

1 Taking, for the purposes of rapid calculation, 200 as the neutralisation value of 
oleic acid. 

VOL. Ill 


U 
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In the examination of distilled oleine the proportion of unsaponifiable 
matter is best determined direct. Its amount furnishes a guide as to 
the care with winch the product has been manufactured. The data 
given in the foregoing table supply the necessary guidance. 

“ Distilled grease oleine ” in best “ distillation oleine 55 is detected 
by means of the cholesterol and isocholesterol reactions, as also by 
the presence of a notable proportion of unsaponifiable matter. 

The methods proposed for the partial or complete conversion of 
oleic acid into solid material have been fully discussed above, p. 232. 

The uses to which oleic acid is put have been incidentally pointed 
out in preceding sections of this chapter. It need therefore only be 
briefly repeated that oleine is used extensively as wool* oil and in soap- 
making, especially for the manufacture of textile soaps and soap 
powders (dry soap) ; smaller quantities are employed in the preparation 
of metallic soaps (bismuth, copper, ferrous, ferric, lead, and mercuric 
oleates l ) for pharmaceutical and technical purposes (cp. “ Salts of the 
Alkaline Earths and Heavy Metals,” below). 

Germnt and Ririere 2 claim the application of oleic acid for dissolving 
hard and semi-hard gums in the manufacture of varnishes. It should, 
however, be noted that oleic acid does not dissolve gum-resins. 


2. Soap Stock Fatty Acids 

By the term “soap stock fatty acids” the author denotes those 
commercial fatty acids which are prepared on a large scale for the 
purposes of soap manufacturers. These differ essentially from the 
fatty acids obtained in candle-making processes, in that they contain 
considerable amounts of neutral fats, as a rule, from 10 to 20 per cent. 

The industry dealing with these products has sprung up during the 
last decade since the successful recovery of glycerin from soap Ives in 
England, France, and the United States forcibly drew the attention of 
even small soap-makers in other countries to the waste of glycerin that 
was allowed to take place in soap-works. The manufacture of soap 
from oleic acid, the by-product of the candle industry, served as a model 
and as an inducement to attack on a commercial scale the frequently 
suggested proposal to hydrolyse (“ deglycerinise ”) neutral fats in soap- 
works (with a view to recovering a richer glycerin than is obtained in 
the “ salt crude glycerin,” p. 364),. and then to convert the resulting 
free fatty acids into soap by boiling them with caustic alkali or alkali 
carbonate, or, if necessary, with a mixture of both. 

The following methods, differing as regards the principles which 
underlie the manufacturing processes, have been elaborated, and are 
now being carried out in practice ; — 

1 G. M. Beringer, Amer. Jonrn. of Pham., 1889 (61), 593 •, W. A. H. Nuylor, 
Pharin. Jonrn,, 1901 (66), 392. 

2 French patent 159,635, 1884. 
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(1) Preparation of soap stock fatty acids by the autoclave process. 

(2) Preparation of soap stock fatty acids by the Twitchell process. 

(3) Preparation of soap stock fatty acids by the ferment process. 

These processes would seem to belong to the domain of a soap-works. 

They are, however, largely carried out in separate establishments, 
where the chief object is to recover the glycerin, the fatty material being 
sold to small soap-makers, who are not in a position to undertake them 
selves the manufacturing operations involved in “ deglycerinising.” 

(1) Preparation of Soap Stock Fatty Acids by the Autoclave Process 

The practice of the candle industry showed that the higher the 
pressure at which the autoclaves are worked the more discoloured 
become the fatty acids, and especially the oleic acid, as most of the 
colouring substances remain dissolved in the expressed u oleine.” The 
soaps made from autoclaved oleine were too dark to find favour with 
the public, and were therefore chiefly used for textile purposes. 

Since the fatty material autoclaved at a pressure of 15 atmospheres 
yielded too dark a material to be converted into saleable household 
soap, and even material obtained at a pressure of 8 atmospheres (using 
a certain amount of lime, magnesia, zinc oxide, op. p. 207) gave “ off- 
coloured ” products, a compromise was made between the process of 
the candle-maker and the customary process of the soap-maker (p. 303) 
by hydrolysing the oils ami fats required by the soap-maker with the 
assistance of bases (cp. p. 207) in an aut oclave at an even lower pressure. 
Ti us it was hoped to prevent discolouration of the fatty material. 

A process of this kind was patented by Danyoise and the Somite 
generate Belye de Dey I yceri nation. 1 The patent claims as a novelty the 
introduction into the autoclave of a portion of the fatty matter and 
base resulting from a previous operation — in other words, a portion 
of the fatty mass (hydrolysed in the well-known manner at a pressure 
of 5 to (1 atmospheres) from a previous charge is left in the autoclave. 
Thus more rapid hydrolysis is induced at the outset, by virtue of the 
emulsifying power of the once formed soap. As the base (catalyst), 
lime, with the addition of zinc and zinc oxide, is used. 

From the table given, p. 212, it will be gathered that the bulk of 
the fat is hydrolysed during the first few hours, whilst the progress of 
saponification during the later hours is disproportionately slow. Thus 
the fatty acids first formed arc exposed to high pressure during a long 
time, and changes occur which act injuriously on them with the pro- 
duction of “ off-coloured ” material. By reducing the pressure to 5-6 
atmospheres, and by reducing simultaneously the time during which 
the autoclaving process is conducted, a less discoloured product is 
obtained. The theoretical explanations given in Yol. I. Chap. II. 
lead a priori to the conclusion that under these conditions hydrolysis 
must be far from complete. Indeed, most of the autoclaved soap stock 
fatty acids which the author has examined during recent years contained 

1 English patent 11,074, 1901 ; German patent 171,200. 
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from 10 to 20 per cent of unsaponified fat. It may also be pointed out 
that, notwithstanding the introduction of zinc oxide (zinc dust), dis- 
colouration of the fatty acids could not be prevented. G. Bottaro 
patented 1 a process for decomposing lime soap by means of gaseous 
sulphurous acid at a temperature of 30°-10° C., with a view to bleaching 
the fatty acids as they separate (and also to obtain simultaneously a 
concentrated solution of glycerin). 

Further information on this subject will be given below (p. 318). 


(2) Preparation of Soap Slock Fatty Acids by the Twitchdl Process 

The Twitchdl process of hydrolysing, described Vol. 1. Chap. II., 
has also been adopted for the manufacture of soap stock fatty acids. 
It has been pointed out already that the Twitchdl process fatty acids 
readily darken on exposure to the air, and that it is therefore essential 
to exclude access of air as much as possible. This is all the more 
necessary in the preparation of soap stock fatty acids, and in this case 
contact with air must be still more rigorously prevented by passing 
steam over the fatty acids whilst they settle out. Furthermore, the 
full time required for the completion of the hydrolysis is not allowed 
in this case ; hence the amount of neutral fat in the product is much 
larger than in the material prepared for candle-making purposes. The 
necessity of preventing serious discolouration has led to the practice 
of reducing the quantity of the reagent to less than 1 per cent, as it was 
found that the larger the quantity of the sulpho-aromatic substance 
added the deeper coloured became the product. Both factors con- 
tribute materially to reducing the amount of free fatty acid formed and 
to leaving a correspondingly larger amount of neutral fat in the mass. 
The author found in commercial soap stock fatty acids made by this 
process from 14 to 20 per cent of neutral fat. It is claimed that the 
use of a Twitchdl reagent prepared from reduced (hydrogenated) fatty 
acids leads to the production of fatty acids having a much improved 
colour. 2 

With regard to the soaps obtained from this material cp. p. 321. 


(3) Preparation of Soap Stock Fatty Acids by the Ferment Process 

The theory of, and the principles underlying, this process have • 
been explained fully in Vol. 1. Chap. II. The original modus operandi , 3 
in which ground castor seeds (together with their husks) were brought 
into an emulsion with oils (or fats) and water, slightly acidulated with 
acetic acid or acid salts, has been abandoned, as the formation of a 
most troublesome middle layer between the fatty and aqueous layers led 
to considerable losses of fatty matter and other concomitant drawbacks 

1 English patents 23,534, 1906; 23,663 ; German patent 211,969 ; United States 
patent 987,426 ; French patent 149,392 ; Italian patent 347/20/112,418. 

2 English patent 749, 1912. 

3 Connstein, English patent 22,111,1902; Vereiniyte chcmische Werkc, Act. Ges. 
German patents 145,413, 147,757 ; French patent 328,101. 
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(low quality of glycerin, etc.). Even the use of decorticated seeds, 
although palliating the evil, did not remedy the inconveniences. The 
author’s 1 suggestion, viz. to isolate the ferment itsejf, has been worked 
out to a manufacturing process by Nicloux , 2 who triturates decorticated 
castor seeds with castor or cotton seed oil, 'filters the mass through a fine 
silk gauze, and centrifuges the turbid oil so obtained. The residue 
remaining on the filter may be subjected again to the same process, but 
in practice (see below) it is thrown away as valueless. The turbid 
filtrate separates into three layers. The excess of oil forms the upper- 
most layer, the practically inactive aleuron grains and membranes fall 
to the bottom, whilst the cytoplasma emulsified in oil is found in the 
middle layer. This latter is used as the hydrolysing agent. 

Hoyer 3 also’ endeavoured to isolate the ferment, or at least to obtain 
preparations richer in active substance than the castor seeds themselves. 
Hoyer insisted on the necessity of working in an acid medium, but 
Nicloux found in the course of his experiments that the best technical 
results are obtained 4 in a neutral medium (e.g. a solution of magnesium 
and calcium sulphates), and that it is advantageous, especially in the 
case of oils and fats containing glycerides of lower fatty acids, to remove 
the free acids by washing with soda. 5 * The retarding effect of lower 
fatty acids was later on confirmed by Hoyer, Q who found that the castor 
seeds contain an acid-forming, water-soluble ferment, which produces 
sufficient acid to “ activate ” the lipolytic ferment (Nicloux? a lipasei’din), 
and which seems to consist of a mixture of volatile fatty acids and lactic 
acid. A series of experiments undertaken by Hoyer with a view to 
isolating the lipolytic enzyme by means of a mixture of petroleum ether 
and chloroform 7 (1 volume: 2 volumes) led to file preparation of 
u id ment-oil,” consisting of a mixture of castor oil and protoplasma 
(Nicloux’ s cytoplasma), and forming about G4 per cent of the original 
castor seed. 

As it was evident that the manufacture of this tfc ferment-oil ” could 
not lead to a technical process, other experiments were made by Hoyer 
with a view to preparing an emulsion of the lipolytic ferment by express- 
ing the seeds after triturating them with water. But as these experi- 
ments proved of no avail, Nicloux’ s process of centrifuging was adopted 
as the best method in the initial stages, and was followed by the prepara- 
tion of a “ ferment-milk ” (termed in technical practice “ ferment ”). 
The “ ferment ” is obtained in the following manner : — Decorticated 
castor seeds are ground up with a large quantity of water in a suitable 
mill, and the mass is filtered from the suspended solid substances, 

1 Lewkowitsch, “ Problems in the Fat Industry,” Journ. Sot'. Chan. Ind., 1903, 
596 ; Report on V. Inter n< it. Congress, Berlin, vol. ii. p. 544. 

2 French patent 335,902, first addition No. 3192 ; Knglish patents 8233, 1904 ; 
8304, 1904 ; German patents 188,611, 197,444. 

3 Uerichte., 1904, 1436 ; cp. also French patent 350,122, and first addition to French 
patent 325,902. 

4 French patent 349,213 ; German patent 191,113 ; cp. also Nicloux, Contributions 
d Vetude de la saponification des corps gras, Paris, 1906. 

5 Nicloux and Urbnin, French patent 349,942. 

G Zells, f. physiolog. Chnn { , 1907 ( 60 ), il 4. 

7 Cp. also first addition No. 3192 to French patent 335,902. 
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whereby a white creamy liquor is obtained. If this liquor is allowed 
to ferment spontaneously, water separates, and there rises to the top a 
thick creamy emulsion, consisting of 38 per cent of castor oil fatty 
acids, 58 per cent of water, and 1 per cent of albuminoid substances. 
The latter constitute the actual lipolytic agent. 1 Finally, it was found 
that a better “ activator ” than magnesium or calcium sulphate (see 
above) is manganese sulphate, the addition of which to the emulsion 
has also been patented. 2 

(The accelerating action of certain metallic salts was first discovered 
by Potlecin . 3 Other activators claimed recently arc amino-acids and 
acid amides, obtained by allowing albuminoid substances (such as oil 
cakes deprived of their oil) spontaneously to undergo proteolytic hydro- 
lysis at 10° G. 4 Lombard 5 recommends as an activator ethyl acetate, 
of which 1 part is stated to suffice for 100, 0U0 parts of oil.) 


The manufacturing operations are at present carried out in the 
following manner : — Oil or fat is introduced into a lead-lined vessel 
having a conical bottom, and provided with a steam-heating coil and a 
perforated coil for supplying compressed air. With the aid of the air 
current an emulsion is produced, whilst about 40 per cent water, 5 to 
8 per cent of the “ ferment,” and 0*2 per cent of manganese sulphate 
is introduced. After intermixture has been effected, the mass is allowed 
to stand for one or two or more days, according to the required amount 
of hydrolysis. During the first hours the mixture must be observed 
carefully, as separation of the emulsified mass may occur. By stirring 
afresh, the emulsified state can be re-established, when the ferment 
begins to exert its action. When the desired degree of hydrolysis is 
reached, the mass is warmed to 80° to 85° (J., and 0*3 to 0-45 per cent 
(reckoned on the fatty material) of a 50 per cent sulphuric acid is 
introduced, whilst the mass is stirred (by air). The steam is then 
turned off, and the contents of the vessel are allowed to settle. The 
mass separates into three layers — (1) an aqueous layer at the bottom, 
containing glycerin ; (2) a chair layer of fatty matter on the top ; and 
(3) between these two a middle layer consisting of an emulsion of albu- 
minoids, glycerin, fatty matter, and water. This middle layer is 
allowed to accumulate, and by warming and renewed treatment with 
water a further separation into three layers can be effected, so that 
the loss incurred by the formation of this middle layer may be reduced 
to the smallest possible amount. If the mass has been allowed to rest 
in the emulsified state for twenty-four hours, the fatty matter contains, 
as a rule, about 80 per cent of free fatty acids. By allowing the ferment 

1 It oyer prepared the ferment in the form of a powder hy extracting the adhering 
oil ami removing the water by drying. Its lipolytic power was, however, thereby so 
seriously reduced as compared with that of the “ferment,” that its commercial applica- 
tion could not be considered. 

2 Vcreinigte chem. Werke, first addition No. 5562 to French patent 328,101 ; German 
patent 188,429 ; English patent 2f»,680, 1905. 

3 Compt. rend., 1903 (136), 767. 

4 Urbaiu, French patent 350,179. 

5 French patent 346,415. 
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to act for twenty-four hours longer, a further 10 per cent of neutral fat 
may be hydrolysed. 

It is very important to ascertain for each individual oil or fat that 
temperature which is most suitable for it, and to maintain this whilst 
hydrolysis takes place. It is not advisable to allow the temperature to 
fall below 20° 0., and it is best to work at 2° or 3° 0. above the melting 
point of a fat. As the oytoplasma is readily destroyed when heated 
to 42° C. in contact with water, it is obvious that tallow is not a suitable 
material to be hydrolysed by this process, and it is difficult to obtain a 
product containing 75 per cent of free fatty acids from a low melting 
tallow, whilst high melting tallows are not workable on a large scale. 
The hydrolysis of tallow can, however, be effected if it he mixed with 
suitable oils or fats, so as to reduce the melting point of the mixture to 
below 35° ('. 

The ferment must be used in as fresh a state as possible. The 
author observed that after a few days’ standing the lipolytic power 
becomes greatly reduced. This would be readily explained by the 
fact observed by Iloyer , that the “ ferment ” is much more easily 
affected (injuriously) by acids than is the original castor seed pulp. 
According to tidiimanski 1 the seeds from Cftelidonium majus and 
Linurium pur pur mm contain an even more active enzyme than castor 
seeds. Seeds belonging to the species Papaveraceae and Ptnaceae are 
also suitable for this purpose (ep. Vol. II.). 


The fatty acids obtained by this process arc much lighter in colour 
than those from the autoclave process. With regard to the soaps from 
tlics- * fatty acids, and the glycerin obtained by this process, see below. 


In commerce there are now obtainable linseed oil-, soja oil-, cotton 
seed oil-, maize oil-, whale oil-, rape oil-, arachis oil-, olive oil-, cocoa nut 
oil-, palm kernel oil-, and other “ fatty acids ” which arc prepared by 
any one or more of the foregoing three processes. Die user 2 patents 
the production of insulating materials obtained by heating fatty and 
rosin acids with cellulose and its derivatives, and vulcanising the mass 
obtained. 

Nearly related to these products are cocoa nut oil or palm kernel 
oil “ fatty acids,” or mixtures thereof, obtained as by-products in the 
“ vegetable butter ” industry (p. 50). 

In the commercial examination of the fatty matter obtained by the 
three preceding processes, the amount of free fatty acids, neutral fat, 
and of unsaponifiable matter is determined in the first instance (see 
Vol. I. Chap. XI.). For the proper valuation for soap-making purposes 
the amount of unsaponifiable matter and the colour and odour of the 
sample must be taken into account. 


1 Chem. Zrit . , 1911, 1376. 


German patent 223,071. 
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3. Derivatives of Fatty Acids 

t 

Hydroxylated Fatty Acids. — The manufacture of hydroxy fatty acids 
from oleic acid has been described already (Vol. I. Chap. VIII.). G. 
Lmbert 1 patents the preparation of hydroxylated fatty acids by heating 
chlorinated fatty acids under pressure with alkalis, alkaline carbonates, 
and alkaline earths. 

Hydrogenised Fatty Acids. — These can bo prepared by the methods 
given above for glycerides, p. 113. 

Halogenised Fatty Acids } — The glycerides and esters corresponding 
to these acids have been described above, p. 120. They are almost 
exclusively used, usually in the form of the calcium or magnesium salts, 
for therapeutic purposes. 

(a) Chlorinated Fatty Acids. — These are prepared by methods given 
on p. 120. Hojfmann-La Roche 3 patents the production of chloro 
derivatives of iodised or brominated acids by acting on the dihalogen 
derivatives of the fatty acids such as stearolic dibromide or diiodide 
with thionyl chlorides. 4 Sulzberger 5 prepares derivatives of chloral by 
dissolving the amide of palmitic acid, prepared by dropping palmitic 
chloride into strong ammonia, in chloral, and heating to 100° 0. 

(b) Brominated Fatty Acids. — These are prepared by acting on the 
fatty acids with kydrobromic acid or bromine dissolved in a suitable 
solvent (cp. p. 120). 

(c) Iodised Fatly Acids. — These are prepared by the action of iodine 
or iodine monochloride or monobromide on the unsaturated fatty acids. 
Thus Erdmann 6 prepares triiodostearic acid by acting on linolenie 
acid with three molecules of iodine monobromide. 7 The Societe pour 
l’ Industrie Chimique d Bale 8 patents the production of alkyl esters of 
diiodo fatty acids. The amides of iodised fatty acids are prepared by 
treating the amides of the unsaturated fatty acids with iodine or hydri- 
odic acid. 9 The discussion of the therapeutical action of the iodised 
fatty acids on the animal organism falls outside the scope of this work. 10 

Sulphurised Fatty Acids. — These are prepared by the action of sulphur 

1 English patents 17,154, 1906; 11,121, 1908; French patents 368,543, 390,497 
(cp. also p. 110) ; United States patent 901,905 ; (iernian patent 206,305 ; Imlievt 
and Consortium f. elektrochem. Ind. German patents 208,699 ; 212,001. 

2 Ges. f. chem. Ind. in Basel, English patent 28,871, 1910; Italian patent 
349/155/114,268; French patent 426,793 ; Hungarian application C. 1921 ; Belgian patent 
230,815 ; Hoffmann-La Roche, German patent 219,720 ; German patent application II. 
54,857. 

3 German patent 232,459 ; .Swiss patent 55,667. 

4 English patents 14,323, 1906 ; 2484, 1907 ; French patent 326,370 ; German 
pateuts 180,087, 202,353 (Bayer and Company) ; J. 1). Riedel, German patent 202,790. 

6 United States patent 1,025,889. 

9 German patent 233,893. 

7 Cp. Soc. Chem. Ind. in Basle, United States patent 988,066 ; Muehle, German 
application M. 49,742 ; Arnaud, Posternak and Hoffmamt-La Roche, United States 
patent 982,656 ; Holl'mann-La Roche, German patent 261,211 ; Swiss patents 49,337, 
49,524, 40,525 ; Schuster, Zeits. bsterr. Apntk. Verb. , 1911, 285. 

8 French patent 430,404 ; English patent 19,350, 1910. 

9 Newton and Farbenlabrik vonn. Bayer und Co., English patent 18,813, 1911 ; 
German application F. 31,123. 

10 Cp. Abderhalden and llirsch, Zeits. f. physiol. Chem., 1911, 38. 
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at high temperatures or sulphur chloride at lower temperatures on the 
fatty acids, or may be prepared by saponifying the sulphurised oils and 
liberating the fatty acids (cp. p. 120). By sulphonating mixtures of 
unsaturated fatty acids with aldehydes and ketones, substitutes for 
turkey-red oil are prepared which, it is claimed, are superior to the 
turkey-red oils prepared as described (p. 195). 1 

• Arsenic and Phosphorus Derivatives of Fatty Acids . — These have 
been prepared and patented by Heinemmn . 2 

Amides of Fatty Acids . — These products are manufactured by 
heating the ammonia salts of fatty acids under pressure. Another 
process of manufacturing them is patented by Chemische Werlcc Hansaf 
and consists in treating fatty acids with gaseous ammonia under pressure. 
The water formed in the process is drawn off, together with the excess 
of ammonia, and is separated in a drying apparatus, so that only dry 
ammonia enters the autoclave, and no gas is lost in the process. 

The application of amido-acids as emulsifiers has been mentioned 
already (see p. 110). Muller - Jacobs 4 recommends stearamide, 
C n JI, 6 C!ONir 2> in conjunction with alum, for sizing paper. Tie states 
that on passing the paper through the calenders the melted stearamide 
imparts a glaze and “ feel ” to the paper, whilst at the same time water- 
proofing it. Experiments made with stearanilide (see below), “ stear- 
ine,” stearic anhydride, and ‘dearone do not produce equally good 
effects. 

A mixture of vaseline with 5 per cent of stearic anilide was brought 
into commerce under the name Fefronum purissimum Liebreich. 

Stearanilide, as also stearo-derivatives of other aromatic amides, 
art stated to possess emulsifying properties, and are therefore recom- 
mended for the preparation of salves, etc. (see above, p. 110). Liebreich 
prepared these products 5 by heating fatty acids with an equivalent or 
excess of aniline, naphthylamine, aromatic diamides, or their alkylates 
to about 200° C. for twelve to twenty hours. The lower the temperature 
the longer was the time required for the reaction. The latter is repre- 
sented by the follow ing equation : — 

R . COOH . -b C 10 H 7 NH 2 = R . CO.NH . C 10 H 7 + H a O 

Xaphthylumine. 

(Instead of the fatty acids the original fafs themselves may he used ; 
cp. Vol. 1. Chap. I.) 

The employment of stearanilide in the colour industry has been 
patented by Sulzberger . (} The manufacture of the santalol ester of 
stearic acid has been protected by E. v. lleydenf that of the bornyl 
ester by Weizmann and Clayton Aniline Company , 8 and the isobornyl 

1 Farbenwerke vorni. Me inter, Lucius u. U'riining, English patent 13,790, 1908 ; 
German patent 226,222. 

2 German patent 2f>7,641. 

8 French patent 376,921 ; cp. also L. Ottoman, English patent 6731, 1907. 

, 4 Zeits. f. ani/ew. Chew 1906, 1141 ; cp. also Spicss, Papier- Zeit . , 1908, 1487. 

6 English patent 12,957, 1902 ; French patent 322,026; German patents 136,274, 
136,917. 

6 German patent 188,909. 7 German patent 182,627. 

8 English patents 8266, 1906 ; 10,798, 1906. 
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ester by Schindelmeiser. 1 The oleic acid esters with terpene alcohols 
like menthol, ant} with phenols, have been prepared . 2 

The mannitol ester of stearic acid lias also been prepared . 3 The 
production of cellulose esters has been patented . 4 


Sails of Fatty Acids 

Ammonium Salts - The chemistry of the ammonium salts of fatty 
acids has been described already (Vol. I. Chap. I.). These salts are 
chiefly used in practice for scouring raw wool. A technical application 
of ammonium soaps, based on the fact, that these soaps have higher 
melting points than the fatty acids themselves, has been claimed by 
C. F. Bohringer and Solute . 5 The following table gives the data from 
which the patentees derive the conclusion that these products can be 
used as a substitute for “ stcarine ” in the candle industry, and for the 
manufacture of “ solidified alcohol ” : — 


Melting Points of Ammonium Salts of Fatty Acids 


Fatty Arid. 

Ammonium Salt 
containing Ammonia. 
I’er cent. 

Melting Toint. 
°C. 

Oleic acid of melting point, 14-20° C. . 

2 ‘85 

56 

„ „ „ „ 14-20 , : . 1 

3‘88 

60 

„ „ „ „ H-20 „ . 

4 '20 

about 75 

Elaklic acid of ,, ,, 33 . „ . 

3‘20 

70 

Stearic acid of ,, ,, 65 . . 

3‘30 

87 

Erncic acid of „ ,, 32 . ,, . 

3‘60 

52 


Garelli , Barbe, and de Paoli (} propose to separate the stearic and 
palmitic acids from oleic acid by dissolving their aqueous ammonium salts 
in hot water — treating fractionally with water, whereby the salts of the 
solid fatty acids decompose first, or by dissolving the mixed ammonium 
soaps in water, whereby the oleate is dissolved while tho palmitatc and 
stearate float on the top. 

Sodium and Potassium Salts. — These salts represent the commercial 
“ hard ” and “ soft ” soaps respectively. They will be fully dealt with 
in the following section, “ Soap Manufacture.” 

Metal Salts. — These salts will be treated of under “ Salts of the 
Alkaline Earths and Heavy Metals.” 

1 German patent 229,190. 

2 Sulzberger, Unite*! States patents 969,420, 970,062. 

3 Bloor, Joutn. Biol. Chew., 1910, 427. 

4 Chem. Fabrik v. Heyden, French patent 423,197. 

5 French patent 383,531 ;• English patent 23,796, 1907 ; German patent 204,708. 

0 German patent 209,537. 
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III. SOAP MANUFACTURE 1 

As explained in Vol. I. Chap. III., it is most convenient to sub- 
divide the soaps into two largo classes, viz. 1 . Salts of the alkali 
metals ; water-soluble soaps. 2. Salts of the alkaline earths 

AND HEAVY METALS ; WATER-INSOLUBLE SOAPS ; METALLIC SOAPS. 

Ammonium soaps , 2 which liitherto have not gained great commercial 
importance (see above), would be classed with the water-soluble soaps. 

In technical parlance, the term “ soap ” applies almost exclusively 
to the first class, and is extended to that mixture of alkali salts of fatty 
acids and water (and other substances) which is sold in commerce under 
the name “ soap.” 


(1) SALTS OF THE ALKALI METALS; WATER-SOLUBLE SOAPS 

Before the combination of fatty acids with alkali metals had become 
known, various powdered vegetable roots were used for cleansing pur- 
poses, such as Saponaria off. L.,Gypsophila Sliufhinm />., Leo of ire Leonto- 
petahnn L., and Sapimlus Saponaria L. Even to-day these natural 
products find a limited use. 

For the historical survey of the soap industry the original papers by 
Goldschmidt 3 and Alpcrs 4 should be consulted. 

According as to whether the base used for the saturation of the 
fait' acids be soda or potash we differentiate between hard soaps 
(soda soaps) and soft soaps (potash soaps). The former may contain 
small quantities of potash soaps (as is the case in high-class shaving and 
other soaps), whilst the latter may also contain some proportion of soda 
(as is the case in soft soaps made in summer), but it is convenient to 
found the classification on the quantity of the preponderant base, as, 
indeed, is done in practice. 

The fatty raw material for commercial soaps may be furnished by 
any oil or fat of vegetable or animal origin. In fact, all the glyceridic 
materials enumerated in Vol. II. Chap. XIV. may be used for soap- 
making, as also those materials which are obtained from waste fats (see 
Vol. III. Chap. XVI.), provide^ they do not contain excessive amounts 
of unsaponifiable matter. Thus an enormous variety of soaps can be 
produced, and, indeed, is produced on a large scale. But not every oil 
and fat yields a soap fulfilling the demands made on it for household, 
toilet, and manufacturers’ purposes. 

The quality of soap obtained from each individual oil and fat is 
given under the heading, Vol. II. 

1 Cp. Lewkowitsch, “ Modern Views on the Constitution of Soap, Journ. &oc. Chem. 
Iml . , 1907, 590 ; F. M. F. Feldlums, Chem. Zcit ., 1908, 837. 

2 Cp. German patents 43,340 ; 72,921. 

3 llandbuch d. Ole n. Fetie, vol. iii. p. 494. 

4 Jouvn. Soc. Chem. hid., 1907, p. 597. 
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Broadly speaking, it may be stated that the vegetable drying oils 
and marine aniipal oils aTe, on account of their consistence, best suited 
for the manufacture of soft soaps. Also some of the semi-drying oils 
(maize oil, rape oil) lend themselves especially for this purpose. Solid 
fats are used preponderantly for making hard soaps ; in this category 
fall also the non-drying oils. Semi-drying oils, as typified by cotton seed 
oil, may be used as stock material in admixture with other suitable 
material for both soft and hard soaps. 

Oils and fats containing oxidised oils, such as blown oils, are unsuit- 
able for soap-making as they invariably give a darker colour and lead to 
loss of soap-making material. 

The art of the soap-maker consists in blending the raw material 
at his disposal in such a manner as to produce that, soap which is most 
suitable for a given purpose. Hence it is essential that the soap-maker 
study the properties and the behaviour of each kind of soap, so as to 
derive therefrom rules to guide him in the proper blending of the raw 
materials. In every properly equipped soap-works this is done by 
making soap from individual oils and fats and from mixtures thereof 
in an experimental soap pan of sufficiently large size to yield half a 
ton or a ton of finished marketable soap. A detailed survey of this 
subject, beyond the incidental notes given in the following section, lies 
outside the scope of this work. 1 

Rosin is largely used in conjunction with fatty material in the 
manufacture of bot h hard and soft soaps. Although it has not the same 
valuable properties in every respect which the fatty acids possess, and 
cannot therefore be used in the production of best toilet soaps, shaving 
soaps, and soap powders, it must be considered a legitimate substitute 
for fatty matter, inasmuch as the alkali salts of rosin acids exhibit 
valuable detergent properties. 

An apparatus for the production of solid rosin soap has been patented 
by Fischer . 2 liosin soaps are sometimes prepared by treating the 
resinous wood with alkaline solutions. 3 

The fatty (and resinous) raw material is, as a rule, supplied to the 
soap-maker in a sufficient state of purity to be worked up immediately. 
In some cases, however, it is necessary to interpose a preliminary 
purification by sedimentation, or even a process of bleaching (op. Vol. II. 
Chap. XIII.), or boiling up with dilute acid (ep. “ Bone Fat ”), etc. 
The methods applied to each individual case have been detailed fully in 
Vol. II. Chap. XIV. 

In those soap-works which start with very impure raw material 
from waste fats (Chap. XVI.) a purification by means of distillation 
(op. p. 223) is necessary ; but the distillation of fatty material in 'soap- 
works is only rarely resorted to, for obvious reasons. 

1 Useful details will be fomal in tlie second part of Merklen’s work, htudes stir la 
constitution des savous du commerce dans ses rapports arec- In jabricahmi Marseille, 
1906. 

2 English patent 23,698, 1908. 

3 French patent 432,998. 
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1. HARD SOAPS-SODA SOAPS 

The earliest processes of manufacturing hard soap '(described by 
Pliny) consisted in boiling oils and fats with causticiscd wood ashes, 
the potassium carbonate contained therein being converted into caustic 
potash by boiling with lime. 1 The potash soaps so obtained were 
converted into soda soaps by treating the soap paste repeatedly with 
common salt. The theory underlying this manufacturing process has 
been fully explained in Vol. I. Chap. Iff. This process has not yet 
completely died out, and is still used on a small scale in those localities 
where a cheap and plentiful supply of wood ashes is obtainable. The 
manufacture of soap in those localities is still passing through the stage 
of evolution from a house, industry to a manufacturing process. 

Later on the wood ashes were replaced by “soda ashes ” obtained 
by burning sea-weeds (“ barilla,” “kelp ”). The manufacture of sodium 
carbonate by the Leblanc, and the ammonia-processes almost completely 
extinguished the use of barilla and kelp, and the soap-maker was thereby 
enabled to obtain manufactured soda (soda ash, sodium carbonate), 
which he causticiscd himself in the same manner as that employed for 
wood ashes. Thus the caustic soda required for the saponification of oils 
and fats was actually manufactured in the soap-works, and is to a very 
large extent still being produced by the soap manufacturer. 

The development of modern chemical industry led to the production 
of solid caustic soda in alkali works, commenced in England about 1850, 
so that the soap-maker has at present, t he choice of either buying caustic 
soda in the solid form or himself manufacturing caustic soda solution 
(“ caustic lyes ”) from soda ash, by caustieising sodium carbonate, and 
subsequently concentrating the dilute caustic soda solution in vacuum 
evaporators of simple or multiple type, such as are shown in figures 
Nos. 21-27 (see below). 

The following two processes for the production of hard soaps from 
oils and fals on a manufact uring scale arc chiefly in use (A) soap- 
making by the cold process, and (B) soap-making by the hot process. 
Recently a third process has been introduced on a limited scale, viz. 
(C) soap-making by double decomposition of lime soaps and sodium 
carbonate. 

Under the head of “ hot process ” falls also the method of making 
soap from fatty acids or. soap stock fatty acids. Rosin may be likened 
in this respect to soap stock fatty acids, as the bulk of it can be con- 
verted into rosin soap by boiling with sodium carbonate, the remainder 
only requiring caustic soda to complete the conversion of the rosin into 
soap. For soaps made exclusively from rosin compare below. 

] Cp. William C. Alpcra, “History ami Uses of Soap in Pharmacy and Medicine,” 
Jo urn. Soc. diem, hid., 1907, 597. 
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( A ) Soap-making by the Cold Process 

The oils and fats most suitable for the manufacture of soaps by the 
cold process are those belonging to the cocoa nut oil group (Vol. II. 
Chap. XIV.), as they possess the property of being converted into soaps 
on being stirred together with concentrated caustic soda solutions of 
approximately the specific gravity 1-35. The plant required for this 
manufacture is of the simplest construction, and merely consists of an 
iron or wooden frame into which the fat, previously brought to a tem- 
perature of about 35° C., is placed ; the fat is then stirred, whilst an 
accurately measured quantity of caustic soda of specific gravity 1-35 is 
run in. The frame is then covered and allowed to stand, when the mass 
develops some heat, sufficient to complete the process of saponification 
within twenty-four hours. 

The simplicity of this process naturally led to the market being 
flooded with “ cold ” soaps prepared by unskilled operators, so that 
these soaps contained a considerable excess of caustic soda, or un- 
saponified fat side by side with free caustic soda. The prejudice which 
has arisen against this class of soap is, however, unfounded, as it is not 
difficult, by careful working, to prepare practically neutral soaps. For 
this purpose the quantity of caustic soda required for saponification 
must be calculated from the saponification value of the fatty material. 
The fifth column of the table, p. 305, will furnish useful guidance. 

These soaps are not readily salted out ” by brine ; hence they can 
be used for washing with sea-water (marine soaps). 

The readiness with which the oils of the cocoa nut oil group undergo 
saponification in the cold enables the soap-maker to induce the saponi- 
fication in the cold of those oils and fats which are not easily saponified 
by strong caustic alkalis. This is effected by incorporating with cocoa 
nut oil certain proportions of olive oil, lard, tallow, etc. The greater 
the proportion of less readily saponifiable (bv strong alkalis) oils and 
fats, the higher must be the initial temperature at which the oils and 
fats are intermixed with the strong caustic soda lye. 

Soaps so prepared naturally contain the whole amount of glycerol 
that results from the saponification of neutral oils and fats. 

Since 100 parts of neutral glycerides yield practically 150 parts of 
finished soda soap, it is possible to calculate the theoretical composition 
of a soap made by the “ cold process.” Thus a soap made from a cocoa 
nut oil having the saponification value 240, and the mean molecular 
weight of the mixed fatty acids 200, will have the following 
composition : — 

Per rent. 

Fatty anhydrides ....... 54 50 

Combined sodium oxide, Na 2 0 . . . * . 8-86 

Glycerol, water, and small quantities of inorganic salts (by 
difference) ........ 3(5-64 

100 00 

Cold soap cannot be conveniently made on a practical scale from 
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fatty acids or soap stock fatty acids, as in consequence of the immediate 
combination of fatty acid with caustic soda, lumps are formed which 
occlude the uncombined materials. For this reason fats containing 
notable amounts of free fatty acids are unsuitable for the manufacture 
of cold soaps. 

The facility with which these soaps can be made on the smallest 
scale has brought in its train the manufacture of “ cold ” soap, adulter- 
ated by the incorporation of strong solutions of sodium silicate with the 
mass whilst still warm. Such soaps frequently contain both free caustic 
soda and unsaponified fat. Native-made, soaps in Egypt are made by 
the cold process from cotton seed oil. They are usually heavily loaded 
with inert fillers. 

Castor oil simulates the fats belonging to the cocoa nut oil group 
by being able to form u cold ” soaps. The further property of castor 
oil of imparting transluccncy to soap has also been made use; of in the 
manufacture of inferior cold soaps, and complete transparency is ob- 
tained by the addition of sugar solutions, together with sodium silicate 
solution. On the Continent large quantities of cheap transparent soaps 
of this kind are made. They must not be confounded with the high- 
class transparent soaps described below. 

The quantities of soap made by this process are comparatively small ; 
the. bulk of the commercial soaps is made by the “ hot process.” 


(B) S()Ar-MAKIN T U KY THE li()T PROCESS 

In soap-making by hot processes either natural oils and fats or the 
fatty acids derived therefrom are used. 


a. Soap-making from Natural Oils and Fats with Caustic Soda 

The process of soap-making by boiling glycerides with caustic 
soda solutions is used on the most extensive scale, and is practically 
the only process which yields soaps of uniformly good quality, colour, 
and hardness, and at tbe same time the largest amount of glycerin 
obtainable from the raw material by means of comparatively simple 
operations. 

In this process the oils and fats are introduced into a cylindrical or 
square iron vessel — soap kettle, soap 14 copper/ soap pan- and churned 
up by means of steam, when a dilute caustic, soda solution is run in, 
which assists the. emulsifying of the fat and induces rapid hydrolysis. 
The theory of the process has been described in Yol. I. Chap. 11., and 
it need only be pointed out that it is necessary to commence with a 
dilute solution of caustic soda, as in the case of most oils and fats— with 
the exception of the oils belonging to the cocoa nut oil group, and of 
castor oil — a strong solution “ cuts ” (relargue) the soap-paste much as 
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does salt solution. It has been shown (Vol. I. Chap. II.) that an excess 
of caustic soda is required to obtain complete saponification. The mass 
in the soap pan at this stage (empatage) consists of a mixture of soda 
salts of the fatty acids with water, in which the glycerol formed in the 
course of hydrolysis, and the excess of caustic soda are dissolved. In 
order to convert the soap-paste into commercial soap, it is necessary to 
separate the soda salts of the fatty acids from the excess of caustic soda 
and of water by adding salt, whereby the soda soaps are thrown up 
(relargage). On allowing to stand, two layers are obtained : (1) a 
lower aqueous layer, containing salt, glycerol, and excess of caustic soda ; 
(2) an upper curdy mass of soap granules, retaining about 30-35 per cent 
of water. The lower layer is drawn off, and worked up for the recovery 
of the glycerol contained in it (see “ Glycerin Manufacture ”). 

Apparatus for saponifying in vacuo or under pressure have been 
frequently patented, but there is no advantage in them. 1 

The curdy soap granules left in the pan are boiled up with water 
(“ closed ”), so as to form a homogeneous paste, which is again' boiled 
with a little caustic soda to ensure complete saponification, and again 
separated into two layers in the manner described above. 

The soap is once more treated in the same manner, to remove im- 
purities which impair its colour ; in some cases it is boiled with a 
somewhat concentrated solution of caustic soda (“ strengthening 
change ”) and “ salted out ” again to a “ curd.” Finally the “ curd ” 
is “ fitted,” i.e. brought into the condition of finished soap. 

The art of the soap-maker consists in so “ fitting ” the soap that it 
contains just the proper amount of water (which may be called the 
“ water of constitution,” see below) and is still “ open ” enough to allow 
the intermingled heavier aqueous solution, as also the impurities (which 
consist to a notable extent of iron salts of fatty acids) to settle out. 
After the mass has been allowed to rest for a few days, there is found at 
the bottom of the soap pan a small amount of alkaline solution (which 
has separated out on cooling ; see below) above which rests a layer of 
dark soap, intermixed with salt solution, containing the excess of caustic 
soda used. The dark colour is chiefly due to metallic soaps. This layer 
is termed in practice “ nigre ” (i.e. black, a term taken over from the 
Marseilles soap-makers 2 ). Above this rests the bulk of the finished soap, 
“ neat soap.” It is covered on the top by a thin layer of solidified soap 
of a spongy nature, owing to the occlusion of the air, which on rising 
gradually to the top of the mass during-nettling became entangled there 
on cooling. 

The excess of caustic alkali in the “ neat ” soap should be very small ; 
its amount depends on the care used in the manufacturing operations. 

Up till a few years ago soap-making was considered an art, the details 
of which were supposed to depend on valuable secrets in the exclusive 
possession of the practical soap-boiler. Hence the “ fitting ” was left 
to him, and the amount of caustic soda used in the process .depended 
entirely on his judgment. It must, however, be acknowledged that 

1 Cjp. English patent 8674, 1909 (W. A. Grant). 

2 In Marseilles the “nigre ” from genuine “settled ” soaps is now termed “ le gras.” 
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through constant practice, and in consequence of the stringent demands 
of the public as regards quality of soap, the soap-boiler brought soap- 
making to a considerable degree of perfection, so that the production of 
practically neutral soaps has now become very general. 

From the explanations given in Vol. I. Chap. ITT. (“ Hydrolysis of 
Soap ”) practical rules can be readily derived as to how the several 
stages of soap-boiling should be conducted. Tt is essential to effect 
saponification with the least excess of caustic soda. With this object 
in view it is necessary to work with caustic lyes of known strength. 
Tables containing the -percentages of caustic soda, derived from the 
specific gravities of solutions prepared from pure caustic soda, are given 
in Tables 67 and 68 of the Laboratory Companion , page 100. The 
following two tables will be found useful in regulating and controlling 
the consumption of caustic soda in soap-works. 


Caustic Soda Solutions required to saponify Fats of Mean Molecular 
JFeiyht 670 ( Cocoa Nut Oil , Faint Kernel Oil) [Lewkoicitsch] 


Weight 
of Fat 
in Tons. 


Gallons of Solution of Caustic Soda. 


20“ Twaddell - 

40° T'./addell — 

GO” Twaddell = 

71° Twaddell « 


S. (i. 11. 

S. G. 1 2. 

S. (1. 1-3. 

S. U. 1-85S. 

*05 

21-01 

9 46 

5-72 

4-59 

■1 

42-02 

18-92 

11-43 

9-18 

*15 

63-03 

28-38 

17-15 

13-76 

*2 

84-04 

37-84 

22-86 

18-35 

•25 

105*05 

47*30 

28-58 

22-91 

•3 

126*06 

56 "76 

34*29 

27-53 

•35 

147*07 

66-22 

40-01 

32-11 

•4 

. 168-07 

75-68 

45-72 

36-70 

•45 

189 - 0 S 

85'14 

51-44 

41-29 

•5 

210-09 

91 -60 

57-15 

45*88 

*55 

231-10 

104-06 

62-87 

50-46 

*6 

252*11 

113*52 

68*58 

55-05 

•65 

273*12 

122-98 

74-30 

59 64 

' 7 

294-13 

132-44 

80-01 

64-23 

•75 

315*14 

141-91 

8573 

68-81 

•8 

336-15 

151-37 

91*44 

73-40 

•85 

357-16 

160-83 

97-16 

77-99 

*9 

378*17 

170-29 

102-87 

82-58 

•95 

399-18 

179"75 

108-59 

87-16 

1-0 

420-19 

189-21 

114-30 

91-75 

2-0 

840-37 

#7 8 * 4 1 

228-60 

183-50 

3-0 

1260-56 

567'62 

342-90 

275-26 

4-0 

1680-74 

756-83 

457’20 

367-01 

5-0 

2100-93 

946-04 

571-50 

458-76 

6‘0 

2521-12 

1135-24 

685-80 

550-51 

7-0 

2941-30 

1324-45 

800*10 

642-26 

8-0 

3361-49 

1513-66 

914-40 

734-02 

9-0 

3781-67 

1702-86 

1028-70 

825-77 

lO'O 

4201-86 

1892-07 

1143-00 

917*52 


[Table 

x 


VOL III 
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Caustic tfoda Solutions required to saponify Fats of Mean Molecular Weight 
860 ( Tallow , Cotton Seed Oil , Olive Oil , etc.) [Lewkowitsch] 


Weight 
of Fat 
in Tons. 


Gallons of Solution of Caustic Soda. 


20 “ Twaddell = 

40“ Twaddell = 

60 ° Twaddell e 

71“ Twaddell =t 

S. O . 11 . 

S. G. 1-2. 

S. G . 1-3. • 

S. G. 1-365. 

*05 

16-37 

7-37 

4-45 

3-57 

•1 

3274 

14-74 

8-90 

7-15 

•15 

49-10 

22-11 

13-36 

10-72 

•2 

65-47 

29-48 

17-81 

14-30 

•25 

81*84 

36-85 

22-26 

17*87 

*3 

98-21 

44-22 

26-71 

21-44 

•35 

114-67 

51*59 

31*17 

25-02 

•4 

130-94 

58-96 

35 "62 

28-59 

•45 

147*31 

66*33 

40-07 

32*17 

•5 

163-68 

73-70 

44-52 

35-74 

•55 

180-04 

81-07 

48-98 

39-31 

•6 

196-41 

88*44 

53-43 

42-89 

*65 

212-78 

95-81 

57-88 

46-46 

•7 

229-15 

103-18 

62-33 

60-04 

•75 

245-52 

110-55 

66-79 

63-61 

•8 

261-88 

117*92 

71-24 

57-18 

■85 

278*26 

125-29 

75-69 

6076 

•9 

294*62 

132-66 

80-14 

64-33 

•95 

310-99 

140-03 

84-60 

67-91 

1*0 

327*35 

147*41 

89*05 

71-48 

2-0 

65471 

294-81 

178*10 

142-96 

3-0 

982-06 

442-22 

267-14 

214-44 

4-0 

1309-42 

589-62 

356-19 

285-92 

5'0 

1636-77 

737*03 

445-24 

357-41 

6‘0 

1964*12 

884*43 

534-29 

428-89 

7-0 

2291-48 

1031-84 

623*34 

500-37 

8'0 

2618-83 

1179-24 

712-38 

571-85 

9-0 

2946-19 

1326-65 

801*43 

643*33 

io-o 

3273-54 

1474-05 

890-48 

714-81 


The finished “ neat ” soap, whilst still warm, is run into soap 
crutching (mixing) machines (holding from 12 to 15 cwts. of soap), 
wherein perfumes and colouring matters are incorporated with the soap 
(if desired), and thence into soap frames, in which the warm mass is 
allowed to cool. In the south of Europe the finished soap is run on to a 
cemented floor divided off by boards into suitable compartments, about 
12 to 14 ins. high (French, mises). For the best class of household soaps 
the cemented floor is covered with paper. 

The soap in the frames (or mises) requires a few days to solidify. 
The sides of the soap-frames are then removed, and thus a rectangular 
soap block is left. This block is cut at first into slabs of the required 
thickness, either by hand or in a slabbing machine shown in Fig. 20. 

These slabs are placed in a barring and tablet-ting machine, such as 
is shown in Fig. 21. 

The slabs are put into the recess on the right-hand side of the 
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machine. By turning the handle they are pushed through a number 
of wires ; so that they emerge on the other side in the form of bars, 
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and thus finally cut to the desired size and weight of the familiar soap 
cake. In order to prevent the bars of soap, particularly such soaps 
as are “ heavily run,” from adhering together, the surface of the bar 
is subjected to dry heat in “ stoving,” applied either in the form of a 
direct flame or radiant heat or by exposing the soap in a current of hot 
gas. The thin layer of comparatively dry soap which forms on the 
surface of the bar, retards, to a large extent, the evaporation of the water 
from the interior . 1 

The stamping of the soap cakes is a mere mechanical process. For 
a description of the machines the reader may be referred to the cata- 



l«'ig. 22. 

logues issued by the makers, and it need only be pointed out that the 
stamping operations are now done automatically to a very great extent. 

The process of solidification of the soap is a somewhat lengthy one. 
Attempts have therefore not been wanting to shorten the time required 
from the finishing operation in the soap pan up to the conversion of the 
solidified soap into the marketable bar or cake. 

Cooling machines have been introduced which enjoy, especially 
on the Continent, a certain vogue. In this country, however, such 
cooling machines have found but limited use. For the best house- 
hold soaps the process of cooling in frames has maintained its 
supremacy. Another attempt to effect rapid solidification of the hot 
soap mass was made by moulding the hot soap in the same manner as 
1 Higgins ami Spensley, English patent 27,889, 1909. 
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candles are moulded. 1 The machine used for this purpose (Fig. 22) is 
fashioned after the well-known candle- moulding machines, and was 
chiefly intended for the manufacture of toilet soaps, in winch the crystal- 
line structure, formerly so much valued in household soap, is destroyed 
(see below). The hot soap mass was run into the row of moulds shown 
in the figure ; after suitable cooling, the solidified soap was expelled in 
the same manner as moulded candles are forced out of the moulds. 

This machine proved unsuitable for household soaps, but the idea 
underlying its construction has been recently taken up and patented 
by bchnelzer . 2 Another attempt to shorten the time required for 
solidification has been made by Klumpp , 3 whose press is best described 
as being modelled after a copying press, the sides of which are com- 
pletely closed. The hot soap is run into the press, and when this is full 
the soap is cooled rapidly and compressed, so that the soap bars are 
immediately ready for cutting into tablets. Latterly this machine has 
been made for a somewhat larger throughput than the original apparatus 
permitted. A combination of the principles embodied in these two 
methods may be said to be contained in Schrantfis patent, 4 which has 
been followed by a number of further patents 5 by the same inventor. 

A very large number of patents 6 have been taken out during the last 
few years (by many designers) for soap-cooling machines, which embody 
the principles just described. They embrace a variety of machines 
having cooling tubes arranged either horizontally or vertically, and 
working either with or without pressure. A further modification has 
been introduced by adopting apparatus which entirely simulate filter 
presses, +lie chambers of these presses are, of course, provided with 

1 English patent No. 4581, 1893. 

“ English pat (Mit No. 18,932, 1902; Herman patents 110,505, 144,108, 145,079. 

a Herman patents 120,609, 140,846, 211,624. 

4 Herman patent 144,805. 

’’ For (tooling frames provided with means for artificial cooling (or even heating as 
in the case of mottled soups) cp. S. Baralino fu Herolamo, German patent 195,581 ; 
Board man, English patent 24,023, 1904 ; Herman pat ent 192,193. 

0 Herman patents 160,560, 167,306, j 67, 412, 171,843, 172,691, 178,478, 181,497, 
182,854, 186,731 (conjointly with Frankenthaler Kesselselmiiede and Maschiuonfabrik, 
Ktihnle, Kopp, and Kauscli), 198,112; K. E. Mark el, English patent 23,187, 1904 ; 
IJolubek, English patent, 24,440, 1904 ; French patent 347,588 ; W. liivoir, English 
patent 6161, 1905; Herman patents 170,190, 223,416, 232,504; F. Jiirgens, English 
patent 15,666, 1905 ; Talvamle freres ami Douault, French patent 344,006 ; F. Damn, 
French patent 345,748; Herman patent 157,509; Both, French patent 341,731; 
English patent 3602, 1905 ; Herman patents 172,655, 215,219 ; A. It. Wilson, English 
patent 11,622, 1906 ; Krefelder SeiicnJhbrik, Stockhausen and Traiser, French patents 
357,637, 379,885, 396,945 ; H. Klinger, French patent 370.086 ; Herman patents 
204,166, 209,194; Jacobi, English patent. 6726, 1907 (in the name of O. Imray) ; 
English patent 18,253, 1907 ; English patents 21,822, 1908 ; 9590, 1909 (in the name 
of Bloxarn); French patent 386,543; Herman patents 194,683, 202,710, 208,590, 
209,231, 209,270, 211,838; 217,421, 238,490, 260,571; F. H. Merrill, United 
States patent 831,884; J. Gunther, German patents 193,570, 216,528; Weber and 
Seeliinder, German patents 198,865, 201,426 ; G. Harzer, German patents 201,710, 
210,864. Other cooling machines were designed by G. Col, II an If, German {latent 
205,473 ; Leimdbrfer, Lehmann, Krull, and by Selnm (Eng. pat. 20,916, 1907), 29,048, 
1912; Savy, French patent 414,252; F. Schmidt, German patent 227,906; Ilampe, 
German patent 221,494 ; Host, German patent 224,665 ; Moore-lrviue, English patent 
14,623, 1908 ; Gilbert and Ralph, English patent 18,031, 1908 ; Morel, French patent 
446,898 ; Schiissler and Derscherl, Austrian patent 49,059, 1910 ; Bontoux, Chem. Zeit., 
1911, 94. 
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cooling arrangements. Although a number of such machines appear to 
have been installed in small works, too little is known of the results 
that have attended their working to enable one to arrive at a definite 
conclusion as to whether the texture and quality of the soap is the same 
as that obtained by the method of cooling in frames. In the largest 
soap-works of this country and of the United States these machines 
have not been adopted hitherto. Even if it should be established that 
the product obtained by rapid cooling is not inferior (which is doubtful) 
to soap allowed to cool spontaneously in frames, the high cost of the 
new apparatus as compared with that of the old system militate against 
its adoption. Furthermore, the commercial soaps cooled in cooling 
machines have a tendency to remain soft in the interior. Such soaps 
sweat to a greater extent than soaps cooled in the ordinary soap frame. 

In this connection it may be pointed out that Cressomieres fibres 
constructed, some twenty-five years ago, a continuous drying machine, 1 
which took the finished soap, in the hot state, from the soap pan on a 
long travelling band, and dried it, in a hot room, to such an extent that 
it had lost sufficient moisture to permit of it being worked up into cakes 
in the plant usually employed for making best toilet soap (see below). 
This drying machine was also recommended for the manufacture of 
household soap, but as the working conditions of the toilet soap plant 
proper required that the “ genuine ” soap must lose so much moisture 
that the finished product contained about. 75 per cent of fatty acids — 
against 63-61 per cent in the ordinary household soap — it has been 
impossible to introduce this apparatus into soap-works with a view to 
replacing the ordinary cooling frame. 

100 parts of neutral glycerides of the mean molecular weight 860 
yield on a practical scale 150 parts of genuine soap. The mean mole- 
cular weight of the fatty acids of such glycerides is 275. An easy 
calculation will show that 100 parts of fat require 10-77 parts of Na 2 (M 
13*03 parts of NaOH ; hence the finished soap contains 7-18 per cent of 
Na 2 0 [150 : 10*77 : : 100 : j], with which are combined 61-6 per cent of 
fatty anhydrides [31 : 266 : : 7*18 : »/], corresponding to 63*7 per cent of 
fatty acids [266 : 275 : : 61*6 : z\ 

The percentage composition of a “ genuine soap ” is therefore — 

Per cent. 

Fatty anhydrides . . . . . .61-60 

Combined sodium oxide, Na 2 0- . . . . . 7-18 

Water including small quantities of inorganic salts and glycorol 

(by difference) . . . . . . 31-22 

100-00 

Pure commercial soda soaps made by the processes described contain 
practically 30 per cent of water and 63 to 64 per cent of fatty acids. 

Thus Ohida 2 found for a freshly prepared commercial soap the 
following figures : — 

1 Cp. also G. L. Baker, English patent If), 264, 1907 ; Hoard man, English patent 
2266, 1910 ; Klunipp, German patent 258,440. 

a (Jhem. Zdt 1911, 230. 
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Per cent/. 

Fatty acids . . . # .62-7 

Combined alkali, Na a O . . 7.2 

Free alkali, Na 2 0 . . .0-6 

Wator ...... 28-5 

which, calculated on the day substance, corresponded to- 
per rant. 

Fatty acids . . . . .87-7 

Combined alkali, Na,0 . jq* 1 

Freo alkali, Na 2 0 . . . .0-8 


Lhe commercial soaps were, therefore, looked upon as a kind of 
crystalline compound, containing a definite amount of water which was 
considered water of crystallisation.” Some slender support to this 
view was lent by the fact that in soaps containing the above-named 
proportion of fatty acids, a kind of crystallisation (“feather”) was 
noticeable ; this crystallisation was considered to bo due to the harder 
stearates and palmitates separating out in a semi-crystalline form from 
the magma of oleate. 

In the course of a long series of experiments which the author carried 
out on a large scale on many tons of varied fatty materials, with the 
object of producing a commercial soap having a higher proportion of 
fatty acids than fid to fit per cent, he was never able to obtain a soap of 
the desired higher percentage. Hence the author adopted the view 
that this proportion of water might be termed “ water of constitution,” 
inasmuch as a commercial soap having less water cannot be made in 
the soep kettle. 

Tins explanation has been attacked by Meriden} whose funda- 
mental view, based on the application of the laws of chemical 

equilibrium and of the phase rule to the present problem, is as follows : 
Commercial (genuine) soap is not a product which has a definite com- 
position, but has, on the contrary, an essentially variablo composition. 
The actual composition of a given commercial (genuine) soap depends 
(1) on the nature of the fatty acids, (2) on the composition of the 

“ nigre ” (in the case of “ settled ” soaps), and (3) on the temperature 

at which the boiling is conducted. Another important factor con- 
ditioning the ultimate composition would be the pressure ; but since 
soap is always made at the ordinary pressure, this factor, representing, 
as it were, a constant, may tyi left out of consideration. 2 The finished 
soap behaves like a colloid. 3 Commercial soap should, therefore, in 
Meriden's opinion, be looked upon as an “ absorption-product,” 4 the 

1 Etudes sur la constitution, des savons du commerce dans scs rapports arec la 
fabrication , Marseille, 1908. 

“ U »iay t>e mentioned here that patents have been taken out for the production of 
soap under pressure as also in a vacuum. 

The view that soap behaves like a colloid was adopted, and fully developed, by Krafft 
and Wiglow, Hcrichte , 1895, 2573. With regard to the objections of Kaldenberg and 
Schreiner to Krafl't’s theory and the rejoinder of the latter, see Lewkowitsch, Jahrbuck 
d. Chew., 1899, ix. 352 ; cp. also Vol. 1. Chap. TIL 

4 bi more modern parlance the term “ad-sorption product ” would be used. The 
theory of ab (ad) sorption products has beeu developed by van Bemmelen ( Landw . 
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most characteristic property of which is its continuous variation. The 
absorption of water by the colloid soap being a function of (1) the nature 
and structure of the colloid, (2) the nature of the solvent, (3) the 
nature of the salts and the alkali (“ electrolytes ”), and (4) the tem- 
perature, the variations in the composition of the commercial soap 
would be explained by variations in the factors set out above. Briefly 
stated, soap should not be looked upon as a compound of sodium salts of 
fatty acids with which a definite amount of water is combined chemically, 
but rather as an “ absorption-product,” the composition of which is a 
function of the environment in which the sodium salts of the fatty acids 
happen to be found at the moment of the finishing operation. 

It should be pointed out that the process of saponification itself 
has nothing to do with these views, it being immaterial whether the 
soap-paste obtained in the first operation be produced from neutral 
fats and caustic soda, or from fatty acids and sodium carbonate. Such 
difference as does exist does not affect the principle of the present 
question, but only such minor points as absence or presence of glycerol, 
difference in the composition of the aqueous solution, etc. 

In the light of these views, the practical operations involved in the 
production of a “ settled ” soap in the soap pan may be explained as 
follows : — The soap-paste, which may, or may not, contain an excess 
of alkali, is treated with common salt. The latter absorbs and with- 
draws water from the pasty mass, and when a certain concentration 
of the salt solution is reached, the soap is thrown up in a curdy form, 
poor in water and rich in salt. These curdy soap granules occlude 
some of the saline solution. The more concentrated is the salt solu- 
tion the less water is retained by the soap granules, or “ curd.” The 
composition of the “ curd ” is at this stage a function of the composition 
of the salt solution, which may contain free caustic alkali, sodium 
carbonate, and also glycerol, etc., as the case may be. After with- 
drawing the lye, and preparatory to boiling with the “ strengthening ” 
change, water (and a small quantity of caustic alkali) is added to 
“ close ” the soap. The grains of soap absorb water, parting with salt 
until the salt solution has become so dilute that it dissolves soap, and 
finally a homogeneous mass is obtained. The next operation is merely 
a repetition of the process of graining, with this difference, however, 
that the salt solution is now made less concentrated than before, with a 
view to producing a less coarse grain, so as to facilitate the operation 
of “ fitting ” (see above). The mass in the soap pan represents at this 
stage a biphasic system, the two component phases of which have been 
characterised already. The composition of the two phases differs, 
whilst their constitution is the same ; both contain the same substances, 
only in different proportions ; both are colloidal solutions of sodium 
salts of fatty acids in an alkaline salt solution, only the proportions of 
salts and soap varying to a considerable extent (see below). 

On cooling we should, therefore, obtain two layers only, viz. “ neat ” 


Versuchsansl., 1878 ( 31 ), 135 ; ( 33 ) 265 ; 1888 ( 35 ), 69 ; Jonrn.f. jyrakt. Chan., 1880 
( 23 ), 324 ; 379 ; Zeiis. f. awjew. Chem ., 1900 ( 23 ), 111 ; 123 . 
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soap and nigre. As stated above, frequently three layers are found the 
third layer being a strong salt solution below the “ nigre ” The occur- 
rcnce of this third layer is readily explained. At the temperature of the 
finishing operation the “ nigre” is essentially an alkaline salt solution 
holding so much soap in solution as corresponds to the then prevailing 
temperature. If the “nigre” cools, the equilibrium can no lon-er 
remain undisturbed, and a portion of the saline solution separates out, 
leaving the nigre richer in soap than it was at the highest tempera- 
ture reached during the boiling operation. (If the soap pan is well 
protected against loss of heat by radiation, it may happen that no salt 
solution separates, Lewkowilsch.) From the large numbers of experi- 
ments published by Meriden in support of his views, one example may 
be given as typifying the boiling of a tallow soap, 
lhc neat ” soap gave the following numbers : — 


Water 

Fatty anhydrides 
Combined alkali, as Na 2 <) 
Anhydrous soap 
Frco alkali 
Sodium chlorido 


Per cent, 
. 3610 

66-77 

6-59 

63-36 

0-25 

0-29 


It, .should be pointed out that, the amount of “ anhydrous soap ” is too 
low for a “ genuine ” commercial tallow soap. 

The “ nigre ” consisted of three layers : — 

(*) r ^ ie uppermost layer, yielding the following numbers, — Water. 
36-40 pei cent ; free alkali, 0-28 per cent ; sodium chloride, 0-29 per 
cent ; anhydrous soap (by difference), 63-03 per cent, — has approxi- 
mately the same composition as the “ neat ” soap. 

(2) The next layer, forming the middle portion of the “ nigre,” 
gave the following numbers :-—Wat,er, 53-40 per cent ; free alkali, 0-73 
per cent ; sodium chloride, 0-90 per cent ; anhydrous soap (by differ- 
ence), 44-97 per cent. 

(3) The lowest layer, forming the well-known greyish spongy 
mass, furnished the following numbers on analysis : — Water, 68-30 per- 
cent ; free alkali, 1-31 per cent ; sodium chloride, 1-85 per cent ; 
anhydrous soap (by difference), 28*54 per cent. 

The “ lye ” below the “ nigre ” contained : — Sodium carbonate, 
0-86 per cent ; sodium hydroxide, 1-87 per cent ; sodium chloride, 
3*40 per cent. The composition^ the u nigre ” is thus obviously a func- 
tion of the temperature ; the composition changes continually with 
the fall of the temperature, and the change is only arrested when the 
mass solidifies. 

Views similar to those developed by Meriden have been published, 
at the same time and independently of Meriden, by Ixihmlorfer. 1 

The fact that all genuine commercial soaps boiled on a “ nigre ” 
contain approximately the same percentage of fatty acids (the variations 
amounting to no more than 1 per cent if proper care be exercised) may 
be explained in the light of Meriden's views by the fact that in the 

1 Seifensieder Zcit 1906, Nos. 24 to 29 ; ibid., 1910, Nos. 28 to 43. 
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process of manufacturing these soaps (termed “ settled’ 1 ’ soap, as they are 
allowed to “ settle ” on a nigre **) the soap-maker chooses as constants 
not only the temperature and the pressure, but also the proportion of 
free alkali in the “nigre” and the amount of soap held in solution by the 
“ nigre.” The two last conditions implicitly postulate that the amount' 
of salt must also be approximately constant. (Indeed, a number of 
well-made household soaps examined by Lewhowitsch contained less 
than 0-5 per cent of sodium chloride and less than 0*1 per cent of sodium 
sulphate.) Such slight variations as actually do occur may then be 
ascribed to slight variations in the composition of the “ nigre,” the amount 
of salt left in the neat soap, etc. It may, indeed, be granted that these 
factors are fairly constant in practice, as in the large modern soap-works 
all working details are so carefully observed that soaps having practically 
identical compositions are manufactured from week to week without 
any difficulty whatever. In practice those oils and fats, which if used 
alone do not yield a “ settled ” soap of 63 per cent of fatty acids, arc 
mixed with other oils and fats, so that the mixture yields a “ settled ” 
soap of 63 to 64 per cent of fatty acids. 

If it be accepted as a fact that the percentage of 63 to 64 per cent of 
fatty acids is the maximum obtainable in a “ settled ” soap, it would 
appear immaterial whether the water (or to speak more correctly, the 
dilute salt solution) which a “ settled ” soap retains be considered as 
the maximum amount of water (or solution) which the colloid — sodium 
salts of mixed fatty acids — can absorb, or whether it be looked upon as 
“ water of constitution.” If, however, it were possible to prepare a 
commercial “ settled ” soap containing more than 63 per cent of fatty 
acids, i.e. more than 69 per cent of anhydrous soap, then the theory 
which assumes “ water of constitution ” must fall to the ground, 
and the explanation that soap is a colloid would certainly deserve 
preference. 

Amongst the analyses Merklen published in detail there are many 
which lead to less than 69 per cent of anhydrous soap, and hence do not 
represent “ genuine ” soaps ; but there are six which lead to 71 to 74 
per cent of anhydrous soap. This appears to the author to be incon- 
sistent with his own very extensive experience. 

The author’s difficulty might be met by the contention that the 
“ settled ” soaps found in commerce contain too much water in their 
freshly prepared state, and that they would part with more water (i.e. 
dilute salt solution) on settling in the soap pan, if they did not solidify 
too soon. And it might further be urged in view of the author’s diffi- 
culty that the colloid which absorbs the maximum of. water and the 
minimum of salt is that one which is obtained in the process of “ grain- 
ing ” with the most concentrated salt solution. Of course, such grained 
soap occludes, mechanically, portions of that concentrated salt solution, 
and would therefore show a much lower percentage of fatty acids than 
63 to 64 per cent. Experiments were therefore undertaken by the 
author 1 in which the grained soap was subjected to pressure in order to 
remove the occluded salt solution, the amount of salt used in the three 
1 Lewkowitach, Journ. Hoc. C 'hem. Ind., 1907, 590. 
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succeeding experiments being gradually reduced to the smallest amount 
possible. 

Pure tallow was converted on a practical scale into a genuine com- 
mercial soap. This finished soap contained anhydrous soap, 67*00 per 
cent ; sodium chloride, 0*934 per cent. This soap was boiled up with 
water to a homogeneous paste and treated with solid salt, until an 
excess of salt was found at the bottom of the salt solution. The curdy 
mass was expressed, first by hand in a cloth, then in a spindle press up 
to a pressure of 20 lb., then at 40 lb., and finally in a hydraulic press 
at a pressure of 75 atmospheres. The percentages of fatty acids in the 
successively prepared “ soaps ” were as follows : — 38*0 per cent, 58*6 
per cent, 62*8 per cent, and 65*4 per cent. The edges of the press cake 
were then out off and removed, the remaining mass was roughly broken, 
and pressed again at a pressure of 100 atmospheres. The resulting soap 
contained — anhydrous soap, 73*10 per cent; sodium chloride, 22*18 
per cent. The mass was, of course, not a commercial soap, being 
merely a mechanical mixture of 22*18 per cent of sodium chloride, 
73*10 per cent of anhydrous soap, and 4*72 per cent of water. 

Evidently in this experiment too much salt had been used in the 
“ graining.” Hence in the following experiment the “graining” was 
performed by careful addition of a saturated brine solution to the 
soap jelly (prepared as above) until a clear separation of the “ curd ” 
had taken place. The curd so obtained was pressed as before. The 
mass pressed at a pressure of 75 atmospheres contained 68*4 per cent 
of fatty acids. Subjected to a pressure of 100 atmospheres it yielded 
69*6 per cent of fatty acids. Finally, after pressing at 150 atmospheres, 
the rnasj contained — anhydrous soap, 85*24 per cent : sodium chloride, 
1*74 per cent ; water (by difference), 13*02 per cent. This mass differed 
of course, very much from a commercial soap. 

As the proportion of salt must still be considered too high, the 
commercial genuine soap which formed the starting material was 
shredded and pressed up to 150 atmospheres. The expressed mass 
contained — anhydrous soap, 73*88 per cent ; sodium chloride, 0*87 
per cent ; water (by difference), 25*25 per cent. This mass was, how- 
ever, not a commercial soap, but rather that form of soap which is 
ready for the plodding machine in the manufacture of a toilet soap 
(see below). 

The foregoing experiments have not removed the difficulty which 
the author finds in fully accenting Merklen’s views, and it is impossible 
to reconcile the latter’s statement, viz. that he obtained those six 
commercial soaps with more than 69 per cent of anhydrous soap, with 
the author’s own experience. 

Although Meriden adds, in a footnote to the German edition of his 
work, 1 that he obtained a commercial palm-oil soap containing even 
77 per cent of fatty acids, the author has not the slightest hesitation in 
stating that this result is absolutely incompatible with the composition 
of a commercial soap made in tho soap kettle. 

When a concentrated solution of soap is dialysed the solution becomes 
1 Translated by F. Goldschmidt, Halle a. S., 1907, p. 77. 
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milky, due to the free alkali formed by hydrolysis of the soap diffusing 
out and leaving behind the fatty acids and acid soaps. 1 

A serious objection to the view that commercial genuine soap is a 
colloid may further be found in the fact that sodium and even potassium 
stearate (or palmitate) crystallise out in commercial soap ; this can be 
well observed in a soft soap, on account of its transparency. This 
crystallisation can be produced at will (“figging,” see below), and is 
obtained by admixing some tallow with linseed oil in making soft soap. 
In course of time the crystals grow and permeate the whole mass of soap. 
This is all the more noteworthy as, viewed in the light of the foregoing 
explanations, a commercial soft soap must be considered as a much 
better representative of a colloidal solution of soap than commercial 
hard soap, which contains less water. In the hard soap the formation 
of a crystal (indications of which are shown by the “ feather ” in soaps 
containing large amounts of hard fats) would appear to be prevented 
by the rapid solidification of the soap mass, much as in the case of solid 
fats the crystallisation of “ stcarine ” in the magma of “ oleine ” is 
prevented by somewhat rapid cooling (whereby the whole mass solidifies 
to a homogeneous body, cp. Yol. II. Chap. XIII. ). 

From a study of the physico-chemical properties of soft soap (viscosity 
and electrical conductivity) Goldschmidt and Weiss manu 2 support the 
view that soap behaves like a colloid. 

A confirmation of the author’s view, and inferentiallv a further 
objection to the generalisation of Meriden's view, may be found in some 
observations made recently by W. 1). Richardson 3 in the examination 
of ordinary commercial soaps under the polarising microscope, when 
indications of crystalline structure were noticed. 

Richardson points especially to the formation, in transparent hard 
soap (see below), of crystals which become noticeable from four to eight 
weeks after the soap has been finished. These crystals were observed 
to grow in size and number for an indefinite time. (This would point 
to a similarity between these crystals and those appearing in a “ figged ” 
soft soap ; cp. above.) 

After separating (by hand) the crystals from the non-crystalline 
magma, it was found that the composition of the crystals was that of 
ordinary pure soap, and that the fatty acids melted at 4 3°' to 44° C\, 
whereas similar Jy prepared fatty acids from the still transparent portion 
of the soap melted from 36 0 to 38° 0. The crystals can be made to grow 
artificially, by introducing them into a cake of transparent soap (of such 
a composition that crystallisation is not made altogether impossible as 
by the presence of a large amount of such substances as alcohol or sugar 
solution). 

In some experiments, holes were made with a cork borer in bars of 
transparent soap, which contained no crystals, and into these holes 

1 Botazzi an<l Vietorotf, Atti R. A read. Lined , 1910, v. 659. 

' 2 Zeits. Kleetrochem 1912 (18), 380 ; cp. also M‘Bain, James and Taylor, Zeitx. f. 
phy*. Chem., 1911, 179. 

Journ. Amer. Chem. Sue.., 1908, 114. A gradual transition from true solutions to 
colloidal “sols” and finally to colloidal “gels” can be observed experimentally in the 
c.ise of a cerohydroxide in glycerol (cp. Vol. I. Chap. III. p. 188). 
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plugs of soap cut from a crystalline bar with the same cork borer were 
pressed. Around the plugs so introduced masses of crystals formed and 
proceeded to grow. 

In other experiments, crystals were ground in a mortar and intro- 
duced into transparent soap just about to solidify, when the soap 
eventually became converted into a mass of crystals. It remains 
doubtful whether these crystallisations are caused by nuclei of soap 
crystals, for no crystals were formed if an alcoholic solution of ‘ fc soap 
crystals ” was added to a lion-solidified transparent soap, which had 
been filtered in order to remove any solid substances present. (Further 
experiments must show whether nuclei of soap crystals are required to 
start their formation or growth, for hitherto it has only been shown that 
particles of crystalline silica, although left in transparent soap for one. 
and a half years, did not induce formation of crystals, even though 
a soap of identical composition gave a large crop of crystals when 
“ seeded ” with soap crystals.) 

In the manufacture of genuine settled soaps the tendency to form 
crystals is purposely destroyed. By passing the soap, whilst still in 
its hot and glassy transparent state, through the mixing machine, the 
process of cooling is even accelerated, so that solidification sets in all 
the more rapidly. 

In order to ascertain whether a gradual “ crystallisation ” (or a 
kind of “segregation ” of “ crystalline ” or “semi-crystalline ” salts) 
would take place if drying out were prevented in a genuine (household) 
soap containing considerable proportions of tallow fatty acids, the 
autlioi had a number of soap tablets wrapped in several layers of tinfoil 
and grease-proof paper immediately after they had been cut out from 
a soap block, and had been stamped. They were kept for one year side 
by side with samples from the same block of soap wrapped in the 
ordinary manner, so that drying out could take place. 

After this lapse of time the samples were unwrapped. Those in 
tinfoil, etc,, had completely retained their weight and showed on freshly 
cut surfaces most distinctly a crystalline appearance (“ feather ”), 
more distinctly even than is observed in those tallow-rosin soaps in the 
manufacture of which the appearance of “ feather ” is aimed at. The 
check samples had dried out to a considerable extent, but the innermost 
portions of the soap, which were to some extent protected from drying, 
showed wo oi & v\y to\\\we wppe&VAwce. 

Richardson is of the opiqjon that, amongst other influences and 
conditions affecting the formation of crystals, desiccation is necessary 
to bring about conditions suitable for crystal formation, and states that 
as desiccation proceeds there is apparently produced in the soaps an 
increase in strain, as is shown by the transmission of light between 
crossed Nicols. Richardson's conclusions refer to transparent hard 
soap. (Unfortunately, he does not state whether the transparent soaps 

were “ filled ” soaps or not.) , , 

The foregoing observations on genuine household soaps (containing 
approximately 30 per cent of water) would, however, show that desicca- 
tion has, on the contrary, an inhibiting influence. This is further 
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confirmed by the well-known fact that “ figging ” in a soft soap takes 
place throughout the whole mass in closed vessels when no evaporation 
can take place. 

The weight of experimental evidence would thus far appear to be 
greater on the side of the supporters of the view that genuine hard soaps, 
containing 30 per cent of water, are, or at least contain, crystalline 
bodies, the crystallisation (or partial crystallisation) of which is so 
easily prevented that they simulate colloidal solutions. Most certainly 
such soaps are converted into solutions behaving like colloidal solutions 
if a larger proportion than 30 per cent of water be admixed with the 
sodium salts. The chemical composition of the fatty acids plays, 
however, an important part, and generalisations must not be carried 
too far, as obviously the fatty acids from tallow (which is rich in stearic 
acid) must behave differently from those of olive oil (which contains 
practically no stearic acid). The same argument must hold good, to 
some extent, of potash soaps ; thoso made exclusively from linseed 
oil exhibit no tendency to crystallisation, which is, however, readily 
engendered by a small proportion of stearate introduced as tallow. 

Much of the apparent conflict between the views held by Meriden 
on the one hand, and by the author on the other, may disappear when 
more detailed account is taken of the compositions of commercial soaps, 
both as regards the nature of the fatty acids and the proportion of 
water. This problem must therefore be attacked on the basis of 
experiments, which alone will lead to a decision, and it need therefore 
only be pointed out that no sharp distinction can be made between 
crystalloids and colloids, but that there is a continuous transition without 
a break between true and colloidal solutions. 


p. Soap-making from Fatty Acids (“ Soap Stock Fatty Acids ”) 

It is evident, as soap consists essentially of sodium salts of fatty 
acids, that soap may also be made by neutralising fatty acids with 
caustic soda, followed by working and “ fitting ” the resulting mass in 
the manner described above, p. 304. This process of soap-making was 
first suggested by Cheoreul , and has, indeed, been in practical use. ever 
since the stearine Candle industry was established, the manufacture of 
soap from oleic acid affording a natural outlet for this by-product. 
Since fatty acids are capable of expelling carbonic acid from sodium 
carbonate when boiled in aqueous solution, soap can also be made by 
boiling fatty acids with sodium carbonate. 1 

The oleic acid used for the manufacture of oleine soap with caustic 
soda or sodium carbonate is, as a rule, “ saponification oleine ” con- 
taining varying amounts of stearic and palmitic acids, which give the 
soap a much harder consistence than that possessed by soap made from 
an oleic acid which is practically free from solid acids. 

The initial manufacturing operation is practically tantamount to 
neutralising the fatty acids with caustic soda or with sodium carbonate, 
1 Irving, English patent 6304, 1908. 
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as the case may be. The precaution must, however, be taken that first 
the aqueous solution of caustic soda or sodium carbonate is put into 
the soap pan. and that the oleic acid is allowed to run in slowly whilst 
the mass is kept boiling, in order to avoid the formation of lumps of soap. 
If sodium carbonate be used, the boiling must be conducted with great 
circumspection, so as to facilitate the evolution of carbonic acid and to 
prevent the boiling over of the fobbing mass. 

Oleine soap is chiefly made in candle-works. Notwithstanding the 
fact that sodium carbonate is cheaper than caustic soda, many candle- 
makers still adhere to the boiling with caustic soda (to the exclusion of 
sodium carbonate), as the higher cost of the caustic alkali is more than 
counterbalanced by the ease of working with caustic soda and the 
avoidance of losses which are apt to occur through boiling over when 
sodium carbonate is employed (cp. below). 

Oleic acid soap is largely used in the textile industry, especially for 
scouring silk goods. The great solubility of the oleine soap in water is 
no doubt, the cause of preference being given to this soap over soaps 
made from other fatty material. It, is impossible to prepare a soap by 
the cold process exclusively from fatty acids. 

In consequence of the establishment of special “ deglycerinising ” 
works (see above) the manufacture of soap from “ soap stock fatty 
acids ” lias gained some extension, especially in small soap-works on 
the Continent, one of the chief advantages claimed for these raw 
materials being the saving in cost afforded by using sodium carbonate 
in place of caustic soda, of course, as far as the proportion of free fatty 
acids permits. 

The amount of sodium carbonate required is calculated from the 
acid value of the sample. The following table, giving the amounts of 
pure sodium carbonate, Na 2 C0 3 , and of soda crystals, Na 2 C0 3 + 1011 2 (), 
required for the acid values set out in the first column, will be found 
useful in practice. It should be added that the quantities must be 
slightly increased in proportion* to the impurities in commercial soda 
and commercial soda crystals : — 


[Table 
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Sodium Carbonate , or Soda Crystals, required to neutralise the Free Fatty 
Acids in “ Soap Stock Fatty Acids ” ( Lewkowitsch ) 



Sodium Carbonate, CO a Xa 2 . 

Soda Crystals 

Na..CO 3 -H0II 2 O. 

Acid 

Value. 

Kilograms por Ton 
of Fatty Material. 

l.bs. per Cwt. of 
Fatty Material. 

Kilograms per Ton 
of Fatty Material. 

Lbs. per Cwt. of 
Fatty Material. 

1 

0‘95 

0*106 

2*55 

0*285 

- 

1*89 

0*212 

5*1 

0*571 

3 

2*84 

0*318 

7*65 

0*867 

4 

3*79 

0*424 

10*20 

1*14 

5 

4*73 

0*530 

12*75 

1*43 

6 

5*67 

0*636 

15*29 

1*71 

7 

6*dl 

0*742 

17*84 

2*00 

8 

7*55 

0*848 

20*39 

2 '28 

9 

8*50 

0*954 

2 * 2*94 

2*57 

10 

9*45 

1*06 

25*49 

2*85 

11 

10*39 

1*16 

28*05 

3*14 

12 

11*34 

1*27 

30*59 

3*43 

a * 7 i 

13 

12*28 

1*38 

33*14 

14 

13*23 

1 *48 

35*69 

4*00 

If* 

14*17 

1*59 

38*24 

4*28 

Id 

15*11 

1*70 

40*78 

4*57 

17 

16*06 

1*80 

43*33 

4 *85 

18 

17*01 

1*91 

45*88 

5*14 

19 

17*95 

2*01 

48*43 

5*42 

20 

18*90 

2*12 

50*98 

5*71 

21 

19*84 

2*23 

53*53 

6*00 

22 

20*79 

2-33 

56*08 

6*28 

23 | 

21*73 

2*44 

58*63 

6*57 

24 

22*68 

2*54 

61*18 

6*85 

2f> I 

23*62 

2*65 

63*72 

7*14 

2 d | 

24*57 

2*76 

66*27 

7 * 4*2 

27 

25*51 

2*86 

68 * 8*2 

7*71 

28 

26*45 

2*97 

71*37 

8*00 

29 

27*40 

3*07 

73*92 

8*28 

30 

28*34 

3*18 

76*47 

8*56 

40 

37*80 

4*21 

101*96 

11*42 

50 

47*25 

5*30 

127*45 

14*27 

60 

56*68 

6*36 

152*91 

17*12 

70 

66*13 

7*42 

178*43 

19*97 

80 

75*60 

8*48 

203*92 

22*82 

90 

1 

85*02 

9*54 

1 

229*41 

25*68 


From the difference between the acid and saponification values the 
amount of neutral fat in the soap stock fatty acids is calculated. This 
neutral fat, which cannot, of course, saponified by means of sodium 
carbonate, must be finally saponified by the addition of caustic soda. 
The quantity of caustic soda solution required is found in the tables 
given above. 

In small works the sodium carbonate (or soda crystals) required 
is best weighed out and then dissolved in the so&p pan in a suitable 
amount of water, for sodium carbonate solutions of higher concentration 
than about 14 per cent of carbonate cannot exist at 15° C., 1 and more 

1 A table! giving the percentage of sodium c.arhouate in solutions from 1° Twaddell 
to 30° Twaddell will he found in the author’s Laboratory Companion to Fats and Oils 
Industries , p. 118. 
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concentrated solutions prepared in the hot will crystallise out if the 
temperature falls, thus causing great inconvenience in a works. Tt 
is of course possible, by a suitable arrangement of tanks and heating 
coils, to keep a stock of sodium carbonate solutions of much higher 
concentration. 

The neutralisation of the soap stock fatty acids is carried out in the 
same manner as is described under the manufacture of oleine soap. 
The soda solution must be heated first in the soap pan, and the soap 
stock fatty acids introduced in small quantities, care being taken 
not to run in a further quantity before the carbonic- acid has escaped so 
far that frothing over is not likely to take place. It follows, of course, 
that the soap pan must: be of much greater capacity than is required in 
the case of the same amount of soap made by the process described 
under (a), as ample space must be allowed for the tendency of the 
effervescing mass to rise rapidly. Tt is of the utmost necessity to keep 
the mass well boiling. Some operators even pass a current of air 1 
through the boiling mass in order to facilitate the esca]x; of the carbonic 
acid. This contrivance cannot, however, be recommended. 

When all I lie carbonic- acid has practically escaped, the amount of 
caustic soda required for the saponification of the neutral fat is intro- 
duced ; the boiling is then continued, and the soap further treated in 
exactly the same manner as described above (p. 304). 

Having regard to the exaggerated statements that are made by 
interested parties as to the advantages resulting to the soap-maker by 
working with soap stock fatty acids instead of with natural oils and 
fats, the fact should be emphasised that soaps of best quality are 
obtained only by boiling glycerides with caustic soda, as described 
under (a). If “ soap stock fatty acids are actually prepared in the 
soap-works, an unnecessary complication and a series of cumbersome 
processes are introduced which do not belong to a soap-works proper. 
But even at best these processes have several very serious drawbacks 
as compared with the natural process of the soap-maker described above. 
The saving brought about by the lower cost of sodium carbonate, as 
against the equivalent amount of caustic alkali, is more than counter- 
balanced by tii© increased expense for larger plant, for more steam 
(required to heat up the more dilute solutions), for the possible occasional 
losses (through boiling over), and for the losses of carbonate and of salt 
in the spent lyes (from which the carbonate and the salt cannot be 
recovered at a remunerative expenditure). In this connection, it may 
be mentioned that, in the endeavour to bring this method more into 
vogue, patents 2 have been taken out for the recovery of carbonic acid, 
evolved on making soap from soap stock fatty acids, and that in another 
patent 3 claim is made for the production of soda (by the ammonia 
soda process) from t^e carbonic acid evolved in the soap pan. In order 
to increase the yield of carbonic acid, it is even suggested in the patent 

1 French patent 333,974 (Gebriider Haas). 

“ United States patent 424,991 (E. D. Mellen, 1890); German patent 158,929 
(W. II eek hausen, 1904). 

:l French patent 348,708 (Ferrier). 

VOL. Ill 


Y 
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specification to neutralise the soap stock fatty acids with sodium 
bicarbonate in place of carbonate. It is obvious that these processes 
have never been worked on a practical scale. It must further be 
pointed out that the glycerin formed from the neutral fat in the soap 
stock fatty acids (from 1*5 to 2 per cent of the total charge) is lost, for 
the soap lyes obtained in the process under consideration contain so 
small a percentage of glycerin that it does not pay to recover it ; whereas 
in the process of boiling, described under (a), the full amount, as far as 
is practicable, is recovered. The fact that what glycerin is recovered 
by making soap stock fatty acids. is more valuable because containing 
less salt must be admitted, but the loss of actual glycerin far outweighs 
the supposed gain. Over and above this, it has been proved by exten- 
sive practical experience that soaps prepared from such material are of 
a lower grade as regard# colour, and have a notably softer consistence 
than have the soaps made by the u hot process ” from the corresponding 
neutral oils and fats. Hence the process of manufacturing soap from 
soap stock fatty acids is very little employed in this country, in the 
United States or in France. In other countries where the demands 
of the public as to colour and hardness of soaps are less rigorous, this 
process has gained some ground, especially in those small establishments 
where the recovery of glycerin from soap lyes (see below) is supposed 
to be too cumbersome. But even there it is not denied that soaps made 
from “ deglycerinised ” material cannot compare favourably in quality 
with those manufactured from natural oils and fats bv the hot process, 
and the conviction is gaining ground that by adopting “ deglycerinised ” 
material, the soap is being made subsidiary to the recovery of glycerin, 
and is practically relegated to the position of a by-product. 

With regard to the merits or demerits of the several soap stock fatty 
acids, it may be added that the autoclaved material has a paler colour 
than the material obtained by the Twilchdl process, but is darker than 
that made by the ferment process. The loss of fatty material in the 
Twilchdl process is practically nil , in the autoclave process it is very 
small, whilst in the case of the ferment process it is no longer negligible, 
a notable amount being lost in the middle layer. The soaps obtained 
from material prepared by the Twilchdl process are the darkest. For 
this reason this process cannot be recommended for making u genuine ” 
soaps ; it is essentially a process that produces material for low-class 
soaps. (With regard to the suitability fif the “ deglycerinised ” materials 
for the manufacture of soft soap, see below . ) The most suitable material 
for preparing soap stock fatty acids by the autoclave process is that 
which is almost neutral, and which has not undergone a chemical 
bleaching process, whilst material high in free fatty acids or which 
has undergone a bleaching process is better adapted for being worked 
up by the Twilchdl process. Material rich in free fatty acids, especially 
in volatile acids, is not suitable for the ferment process, which works 
best with good raw material (like the autoclave process). However, it 
must be pointed out that tallow and other high-melting fats are un- 
suitable for the ferment process, and if these materials are required, 
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they mustfibe “softened” by the admixture of low-melting fats, in 
order to become accessible to the action of the ferment. 

None of these processes have been able to displace the boiling of 
neutral glycerides ; nor are they likely to do so in the near future. 
Although one or the other, or all of the three processes may be worked 
on a small scale, they are only employed for dealing with special material 
adapted to the making of special soaps, and those of inferior quality. 
Many installations erected for the production of soap stock fatty acids 
have been laid idle within the author’s experience, after practical results 
had demonstrated that first-class soap could not be obtained from such 
material. 

The manufacture of soap exclusively from rosin hardly falls within 
the operations of a soap-works, as rosin soap is of too soft a consistence 
to be used as a substitute for the ordinary household soaps and textile 
soaps. Jn soap-works rosin is therefore only used as an admixture to 
fatty raw material. 

Soap made from rosin only is, however, largely used in paper mills, 
for sizing. 1 In these works rosin soap is frequently prepared with 
sodium carbonate alone, by boiling a dilute solution of sodium carbonate 
with rosin. No “ fitting ” is necessary, for the concentration of the 
rosin soap solution is regulated by the requirements of the works. 
Sodium carbonate not being capable of converting rosin completely 
into soap, these solutions represent an emulsion of true rosin soap and 
unsaponified anhydrides. 2 A discussion of the patents taken out for 
the prepara i 'on of rosin soap falls outside the scope of this work. The 
proposal to make a rosin soap bv melting rosin and introducing dry 
soda into the melted mass 3 in the same manner as u fused ” driers are 
prepared (sec p. 130) cannot bo recommended. 


(0) Soap-making by Double Decomposition of Salts of Fatty 
Acids with Sodium Salts 

Calcium Soaps with Sodium Carbonaie. 

The old process for the manufacture of hard soaps by saponifying 
the oils and fats with eausticised plant ashes and subsequently salting 
out the potash soap so obtained with common salt is, of course, a process 
of double decomposition. Op. p. 301. 

The process of saponifying oils and fats with lime (cp. Vol. I. 
Chap. II.), and subsequently converting the lime soaps, after removal 
of the glycerin, into soda soaps by double decomposition with sodium 
carbonate, was first proposed by Tardani . 4 This process has, however, 

1 German patent 203,713 (K. Fues) ; Mitscherlieh, German patent 220,060. 

2 Von Possanner, Papier Fabrikant , 1910 (8), 221. 

:! Marcel Douxami, Lea Corps gras, 1907, 242. 

4 English patent 1614, 1874. In place of lime, lead oxide is suggested ; cp. also 
German patent 55,110. 
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never been adopted in practice. Krebitz, 1 evidently in ignorance of 
Tardani’s specification, brought this method into a workable form. 
He avoids the chief difficulty presented by the hardness of the lime 
soap, in that ho conducts tin; saponification process at a carefully 
regulated temperature (from 98° C. to 100° C.), and does not protract 
the boiling with lime up to the point at which hard lime soap — “ rock ” 
— separates out, as is done when this process is applied to the production 
of candle-making material (see p. 208). 

The saponification is effected by boiling oils and fats with 12 to 
14 per cent of carefully selected lime of high purity (free from magnesia). 
The mass is stirred vigorously, and when a thorough emulsion has been 
produced, the vessel is covered to protect it from loss of heat. The 
product is allowed to stand for six to ten hours, when it presents the 
appearance of a solid, porous mass. 2 which is still sufficiently warm to 
permit its being dug out of the containing vessel. It is then thrown 
into a grinding machine, which disintegrates it to a powder. This 
powder is transferred to a cylindrical vessel, where it is repeatedly 
lixiviated with water, to wash out the glycerin contained in the mass, 
and is finally sucked dry by means of an air-pump. 3 The lime soap is 
transported to the soapery proper, and introduced in small quantities 
into a soap pan containing a boiling solution of sodium carbonate. 
When the decomposition of the lime soap is nearly complete, a small 
quantity of caustic soda solution is added. The soap-paste is next 
treated with salt, until the curd is thrown out. The contents of the 
soap pan are then allowed to rest, when calcium carbonate settles out 
at the bottom of the pan as a heavy sludge, whereas soap curd separates 
on the top ; a salt solution containing an excess of alkali forms an 
intermediate layer. The calcium carbonate sludge is drawn off, and, 
as it holds soap entangled (from 4 to 7 per cent), it must be washed, and 
finally lixiviated with water in a filter press, to recover the occluded 
soap. The soap left in the pan after drawing off the spent lye is reboiled,' 
and finished in the manner described above under (a). 

This process is an extremely cumbersome one. As pointed out 
already, the lime employed must be of great purity, and its amount 
must be greater than the theoretical quantity of 9*2 per cent (see Yol. I. 
Chap. IT.). The manifold operations prior to the soap-making proper, 
and the repeated washings of the sludge necessary to recover the en- 
tangled soap, entail manipulations which compare very unfavourably 
with the simplicity of the “ hot ” 'process described under (a). If 
there be added to these drawbacks the difficulty of disposing of the lime 
sludge, it appears extremely unlikely that this troublesome process will 
meet with extended application. Moreover, it must not bo overlooked 
that the finished soap contains some lime which greatly depreciates its 
quality, and that some soap is lost in the lime sludge. 

Several years ago (when prices of glycerin were high) the process 

1 German patent 155,108 ; French patent 337,509 ; English patents 4092, 1905 ; 
27,297, 1911. 

2 It has been pointed out above (p. 208) that Ferrier claims the production of a 
similar lime soap, by saponifying with lime in a vacuum (French patent 366,460). 

:1 Vogt, French patent 437,411. 
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was adopted by some small soap-works, which had up till then run 
their spent lyes to waste. As the caustic lime exercises some purifying 
action in the case of low-class material (such as bone fat) contain- 
ing albuminoids and gluey matter, this process may continue to be 
practised with low-class material under certain favourable commercial 
conditions. 

A further patent by Krebitz 1 claims the manufacture of hard (or 
soft) soap from lime soap by double decomposition of the latter with 
ammonium carbonate in the presence of sodium chloride or sodium 
sulphate (or of potassium chloride or potassium sulphate), when the 
ammonium chloride or ammonium sulphate formed is said to be re- 
covered completely. The patent specifications state that the operations 
are conducted in closed vessels. Barite, Garelli , ami Paoli 2 saponify 
the fats with aqueous ammonia under pressure, then convert the am- 
monia soap into soda soap by treatment with sodium chloride. For a 
description of the plant required, for which patent rights are claimed, 
the reader must he referred to the patent specifications. It may be 
pointed out here, that Polony 3 4 in 1887 had already patented the pro- 
duction of soda soaps by the interaction of the ammonia soaps with 
sodium chloride. 

Attempts have been made to bleach low-class “ off-coloured ” soaps 
by the same means that have been suggested for the bleaching of oils 
and fats (see Vol. II. Chap. XIII.). Thus, it has been proposed to add 
sodium persulphate to the mass in the soap kettle before it is completely 
saponified. 1 Sodium persulphate and hydrosulphite are also used for 
bleaching s -ap and are sold for this purpose under various fancy names. 
For the bleaching of the dark-coloured under layer (“ nigre ”) 10 per 
cent of a 10 per cent solution of stannous chloride has been used. The 
remark made in Vol. II. Chap. XIII. with regard to oils and fats, viz. 
that the colour reverts after some little time, also holds good for soap 
treated with many bleaching agents, which latter are offered mostly 
under fancy names, since the problem of bleaching “ off-coloured ” 
soaps has been revived in consequence of the appearance in the market 
of soaps made from soap stock fatty acids. 

The use of hardened (hydrogenated) fats, now coming into vogue 
for the purposes of soap-making, has been adversely commented upon 
by several observers, 5 particularly as regards fish and blubber oils, it 
being stated that soaps prepared from such hardened oils exhibit inferior 
lathering properties, and also that their colour and smell are inferior to 
soaps made from high-class materials. It is too early as yet to express 
a decided opinion on their merits, but it is difficult to see what valid 
objections can be raised against them provided they are prepared from 

1 German patent 189^585 ; French patent 369,623 ; English patent 4092, 1905. 

2 English patents 12,210, 1907 ; 9758, 1908 ; 24,836, 1908 ; 24,837, 1908 ; 24,838, 
1908 ; German patent 209,537 ; Hungarian patent 40,217 ; French patents 372,341 ; 
9255 ; Belgian patents 200,595 ; 207,823 ; Italian patents 182,832/201/229, 190G ; 
84,747/201/229, 1907. 

H German patent 43,340. 

4 Wiedermann and Vereinigte Cheni. Werke, United States patent 968,438. 

5 Hauser, Seifomeder Zeit., 1913, 141. (Jp. also Leimddrl'er, ibui ., 1913, 1307. 
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good-class raw materials, i.e. materials which do not contain large 
amounts of unsaponifiable matter or oxidised acids. 


Soaps made from greases, such as soap made from cotton seed 
stock (which has acquired a certain importance in commerce), will be 
incidentally referred to under Chapter XVI. 


In the above-given description of the manufacture of genuine soaps, 
regard has only been had to the production of the best soaps that can 
be made by boiling in a soap pan, as these soaps are at present gradually 
ousting all inferior kinds of soap out of the market . Soap of this kind 
contains 63 to 64 per cent of fatty acid when freshly made (see p. 310), 
and approximately 30 per cent of water; the amount of saline impurities, 
such as salt, etc., being very small. Soaps made bv this process are 
known as "genuine” soaps, and, with special reference to the process 
by which they are made, are termed in technical parlance " settled ” 1 
soaps (French—- Savon liquide, Savons lores sur gras ; tier man — 
Geschliffene Seife, abgesetzte Seife, Seife auf Leimn iederschlag ) . 

Next in purity to the genuine soap rank those soaps which are 
“boiled on a lye,” and are termed “ curd ” soaps (French — Savon 
leves sur lessive ; German— Seife auf Unterhuge). They are “fitted ” 
in such a manner that a somewhat open-grained soap- - card -rests on 
a lye, which, in the case of the best, class of soaps, consists of a salt 
solution containing only small amounts of caustic soda or sodium 
carbonate. The water in these “ finished ” soaps contains larger 
quantities of salt than is the case with genuine soaps, and therefore 
the percentage of fatty acids barely reaches 63 per cent. If the fatty 
raw materials and the lyes are pure, a separation of dark soap (impurities) 
between lye and soap cannot take place ; but if the fatty materials, 
etc., are somewhat impure, a small layer of dark soap separates between* 
the “ curd ” and the lye. This layer is left in the pan to be dealt with 
in a subsequent operation. 

If the fatty material used in the making of curd soaps is of somewhat 
low quality (kitchen grease, bone fat, etc.), it is necessary to finish 
on lyes somewhat stronger in caustic alkali. The impurities, such as 
metallic soaps, etc., have not the same facility to settle out in the pan, 
as in the case of best soaps, in consequence of the curdy nature of the 
soap flakes. Hence the impurities segregate on cooling in the form of 
veins in the soap, and cause the solidified soap to exhibit a slight 
“ marbling ” or “ mottling.” These soaps are therefore known as 
“ genuine, mottled ” soaps. Since this class of soap, as stated already, 
is mostly “ finished ” on strongly alkaline lyes, the “ finished ” soaps 
are much more strongly alkaline than those described above. The 
proportion of fatty acids in the soap is, therefore, liable to be still 
further reduced, viz. to about 61 per cent. As these soaps are too 

1 The term “fitted” soap does not appear suitable, as lower hinds of soap, such as 
semi-boiled soap and blue mottled soap ( Eschar y soap, Savon <te Nantes) are also 
“ fitted.” 
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strongly alkaline for household use, they are chiefly employed for 
laundry and manufacturers’ purposes. 

A lower quality still than “ genuine mottled ” soap is the type repre- 
sented by the so-called Marseilles soap . This soap was originally made 
with lyes obtained from “ barilla ” and “ kelp ’’ soda, which contained 
a considerable amount of impurities, such as sodium carbonate, sulph- 
ates, sulphides, etc. The soap stock was previously an inferior kind of 
olive oil ; now the lowest kind of olive oil and extracted sesame oil are 
used. The amount of natural impurities from both fatty material and 
lyes (which latter were specially rich in sodium carbonate) retained by the 
water left in the “ curd ” was therefore much greater than in the case of 
the above-described soaps. These impurities segregated oncooling in the 
soap, just as is the case in the genuine mottled soap, but, being present 
in much greater quantity, they imparted to the finished soap a much 
more developed marbling. This marbling was made more prominent 
still by the addition of some iron sulphate (“copperas' 5 ) or (and) 
English red. Thus “ sawn bleu pale ” and “ savon bleu rif 55 respectively 
were obtained. It was well known that by adding more water to a 
soap of this kind the “ marbling would (Irop out (as in the case of 

semi-boiled soaps). Hence the “ marble ” was considered a sign 
of purity, and for many years the mottled appearance was looked upon 
by the public as a guarantee of good quality. The Marseilles soap 
contains, as a rule, not more than GO per cent of fatty acid, but usually 
about 57 per cent, and in order to give it sufficient hardness for handling, 
it must be " pickled 55 in a brine solution. In the author’s opinion a 
soap of this kind must be classed as a “ filled ’’ soap. The manufacture 
of this soap is practically confined to Marseilles : and even there the 
demand for it is greatly diminishing. 

The repute which this soap enjoyed led to the production of another 
kind of mottled soap, with which the Marseilles soap must not be con- 
founded, and which in the author's opinion must be looked upon as an 
“ adulterated “ soap. This imitation Marseilles soap, known as ** blue 
mottled 15 soap (“ Kschweg soap" ; sawn marbre de Nantes) ("'savon 
marbre nantais ”), is still a “fitted ” soap, inasmuch as its proportion 
of fatty acids is a definite one, lying between 4G and 48 per cent, and 
cannot be varied at will (as is the case with the soaps to be described 
below). This soap is made by “ filling ” the genuine soap-paste with 
solutions of sodium carbonate, sodium silicate, and (or) salt, which vary 
both in strength and in their several proportions according to the nature 
and composition of the fatty raw material used. Mottled soaps are 
also made on the Continent by the cold process. They are stated to 
contain up to 20 per cent of the fat stock of tallow or bone fat. 

Mottled soap mg.de by the hot process represents at the boiling 
temperature a mixture of two soap solutions, 1 so carefully balanced 2 

1 Cp. A. A. Slink off, Seifensieder Zc.it., 1901, No. 22 ; Leimddrfer, ibid., 1906, Nos. 
24 to 29 ; Meriden, fitudes sur la constitution , etc. 

2 If the “ balancing ” is not done correctly the mottle does not “strike,” and the 
finished soap represents either two layers or a uniformly “mottled mass without any 
sign of “ marbled veins.” 
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hv the ai‘t <|f the soap-maker that they have approximately the same 
specific gravity at a temperature slightly below the temperature at 
which the soap* has been finished. Hence, on solidification of the 
mass, no separation of the components into two distinct layers takes 
place. What separation does take place occurs so slowly that the 
solution which is richer in soap solidifies and imprisons the solution 
which is poor in soap, before the latter lias had time to segregate in the 
form of a lower layer. Hence the desired “ marble ” in the soap is 
obtained. 1 

The marbling is made more pronounced by the addition of ultra- 
marine or “ copperas ” for blue mottled soap ; by using other pigments 
(lamp black and English red respectively) grey mottled and red mottled 
soaps are produced. 

Such soap also requires “ pickling ” before it is put on the market. 

This soap can be boiled direct from neutral fats in one operation, 
when, of course, the glycerin remains in the soap. But it is more 
profitable to the soap-maker to remove the bulk of the glycerin by 
saponifying the whole or part of the fatty material in a separate pan, 
thus obtaining a “ glycerin lye ” and curd soup, which is then converted 
into mottled soap. The colour of the finished soap does not suffer 
thereby, whereas soap made from “ soap stock fatty acids “ frequently 
becomes so seriously discoloured that it is practically unsaleable. 

The lowest kind of “ fitted ” soaps are those which are termed 
“ semi-boiled ” soaps (French — Savon mi-cuit ; Herman — Lrimmfm , 
Seifen auf Intlbicarmen Wcge). These soaps arc nothing but more or less 
concentrated saline solutions of soap, and can be made to contain any 
desired proportion of water. Some kind of purification is effected by 
allowing these soaps to drop a certain amount of nigre, ” containing 
a good deal of the impurities in the raw material ; but, as a rule, these 
soaps are mostly filled into frames immediately after being made. The 
manufacture of these soaps may be considered as entirely obsolete, all 
the more so as the glycerin contained in the fatty raw material is lost, 
much as in the making of soft soap from glycerides ; indeed, those soaps 
may be likened to' best soft soaps. At present small quantities of this 
class of soap are still made in the south of Europe from low-class fatty 
material, rich in free fatty acids. This kind of soap must, of course, 
be considered as “ adulterated ” soap. 

In this country “ adulterated ” soaps are mostly prepared by the 
aid of the mixing (crutching) machines, /into which “ neat ” soap settled 
on a “ nigre ” is run, and is there incorporated with solutions of salt, 
sodium carbonate, and (or) sodium silicate to any desired extent, so 
that all grades of soap ranging from 60 per cent of fatty acids down- 
wards to even 10 per cent can be, and are, made. In order to give 
these soaps sufficient firmness for handling they arg either stoved ” or 
“ pickled,” as the case may be. 

In mitigation of the practice of “ filling ” soaps with solutions of 
sodium borate, or of sodium carbonate or (and) silicate, is adduced the 

1 Lewkowitseh, “ Modern Views on the. Constitution ot'So;i]>,” Jovrn. &>c. ( 'hem. Ind ., 
1907 , 590 . 
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apologetic explanation that, besides hardening the soap, tho added 
solutions possess detergent properties. The best that can be said for 
soaps of this class, which range in their proportion of fatt y acids between 
52 and 60 per cent, is that they might be considered as standing on the 
borderland between genuine soaps and “ adulterated ” soaps. They 
should be openly described as “ filled ” soaps. 

Silica is deposited in the fibres during washing, and damages the 
washed goods by its mechanical grinding action, hence it should not be 
contained in textile soaps. 

There can, however, be no doubt that adulteration has taken place 
in the case of those “ filled ” soaps which liavo been u loaded ” with 
weighting substances, such as clay, talcum (sometimes sold under the 
name of “ fillers ”), chalk, barytes, asbestos, seed husks, etc., or with 
solutions of magnesium salts, etc. In the same category fall soaps filled 
with starch. In the opinion of the author, soaps containing less than 
50 per cent of fatty acids should be looked upon as “ adulterated,” 
whether the fillings ” have detergent properties or not, unless the 
admixture be declared openly (see below “ Sand Soaps ”). Detergent 
compositions formed by the union of silica and alumina with soda have 
been patented. 1 The patentee claims that these compounds, one of 
which is stated to have the formula Al 2 Si 3 Na 8 0 13 , may be used either 
alone or in combination with soap. 

Before the manufacture of genuine soaps had reached the high state 
of perfection to which it has attained at present, the not inconsiderable 
amount of free caustic soda present in the ordinary household soaps, 
forbade their use for toilet purposes. Hence for the production of toilet 
soaps, curd soap made from carefully selected material was subjected 
to refining processes of which the simplest was that which produced 
“ remelted soaps.” More complicated are the methods for making 
milled soaps and transparent soaps. These three processes arc still in 
vogue at present. 

lie melted Soaps (“ Savons par ref ante ”). — The process consists in 
bringing curd soaps back into the liquid state by <k remelting ” in steam 
jacketed vessels ; by reworking the soap, free caustic soda is converted 
into carbonate, and thus rendered less harmful to the skin. 2 (This 
process of “ remelting ” is, in some, eases, repeated several times. At 
the same time colouring matters, ethereal oils (perfume), and medica- 
ments (in the case of medicated soap) arc incorporated with the liquid 
mass in the last stages of the process, and the soap is then run into 
shallow trays or moulds, to be stamped after solidification. The 
remelting used to be done in this country in separate establishments 
(the existence of which was due to the revenue tax on soap) by special 
• 

1 Kaysor, English {latent 6931, 1909. 

" Other patented methods of neutralising free caustic soda are : addition of ammonium 
salts (0. A. Wright, English {latent 14,681, 1885), of egg albumen (German patents 
112,456, 122,354, 134,933), wheat-gluten (Klopfer, English patent 10,350, 1904), 
casein (Horn, German patent 193,562); Range, English patent '22, 4 41, 1908 ; German 
patent 221,623, but it may be added that they are .superfluous if due care be observed 
in the manufacturing process. 
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manufacturers who were known as “ soap remelters,” in contradistinc- 
tion to the “ soap-makers,” who supplied the curd soap. At present 
the “ remelted ” soaps are chiefly made by the soap-makers themselves, 
who take the finished soap, whilst still hot, from the soap pan, and 
colour and perfume it. The soap is then allowed to cool in small frames, 
much in the same manner as the household soaps are cooled. Remelted 
soaps contain approximately the same amount of water as household 
soaps do. 

Milled Soaps (“ $ aeons broyes ”). — The name is derived from the 
milling processes through which these soaps arc passed. The " basis ” 
for these soaps is a carefully made “ curd " prepared from best materials 
and “ finished ” so carefully that the amount of free caustic soda is 
extremely small. In order to render the raw material suitable for 
milling, the bulk of the water must be removed. This is done by 
cutting the soap bars into fine shavings by means of a rotary cutting 
machine, and spreading the shavings in thin layers on trays in a steam- 
heated drying chamber. In large establishments the shavings are 
carried on an endless band through a drying apparatus. The soap 
shavings thereby lose about 20 per cent of water, and are then ready to 
be worked into fine shreds between granite rollers in a milling machine 
(or crushing machine). At this stage of the operations colouring 
matters, glycerin, and perfumes are introduced. As the operations take 
place in the cold, and the soap is only slightly warmed, much more 
delicate perfumes can be used than in the “ remelting” process. 
Medicaments (for ” medicated ” soaps) are also incorporated at this 
stage. 1 The mass is repeatedly passed between the rollers until a 
complete intermixture is obtained. 2 Continental toilet soaps are 
frequently “filled” with vegetable products like tapioca meal. The 
shredded soap is then transferred to a plodding ” machine 
(“ pelofeuse ”), in which the shreds are compressed bv means of a 
helical screw and driven against a plate perforated with a number of 
small holes, so that the soap passes this part of the machine in the 
form of single thick threads. Beyond this plate the threads, still 
under pressure, traverse a jacketed chamber, heated by hot water, 
and are thus pressed together at a somewhat elevated temperature, 
so that the threads coalesce and leave the machine in the shape of a 
continuous bar of soap, which is cut into cakes of suitable size for the 
stamping machine. A special kind of milled soaps arc “ shaving 
soaps ” ; the “ basis ” for these soapsr is mostly made with both 
caustic soda and caustic potash, in order to produce a finer texture 
and better lathering properties. 

Transparent Soaps. — Genuine transparent soaps are prepared by 
shredding and drying the soap “ basis,” as described under “ milled 

1 Til order to guard against the presence of free caustic soda in the finished soap, 
some makers add olive oil or (and) wool-wax, on the assumption that the caustic soda 
will combine with them to form neutral soap. These soaps are known as “super fatted” 
soaps (ep. also p. 349). 

2 The machinery for this purpose was first exhibited in 1855 by Lesage, founder of 
the firm Beyer Freres, who operated, however, on soft soap paste. An improved machine 
was shown 1807. 
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soaps/’ and then dissolving the dry shreds in alcohol. They may also 
be prepared by saponifying the oils and fats with alcoholic soda. 
Any impurities in the soap (e.g. sodium carbonate) settle out and can 
be withdrawn, or the alcoholic solution is decanted. The bulk of the 
alcohol is then distilled off , and the gelatinous residue is run into moulds, 
wherein the soap solidifies to a cake which still retains some alcohol 
and has a dull or only translucent appearance. On storing the cakes 
for some months, they lose most of the retained alcohol and become 
transparent, especially if kept at a temperature of 35° 0. The tk basis " 
of these soaps is made from tallow, cocoa nut oil, and castor oil. Other 
kinds are made from tallow-rosin soaps which may still be regarded as 
genuine soaps though they undoubtedly represent lower equalities. 11 
the latter soaps are kk filled ” with sugar solution, they must be regarded 
as adulterated soaps approaching in quality the cheap transparent soaps 
made by the k ‘ cold ” process, although they are, as a rule, freer from 
uncombined caustic- alkali. 

A special kind of transparent soap is made from stock containing 
very high proportions of rosin ; some (qualities contain even free rosin 
acids. When such soaps are allowed to cool in a shallow layer they 
acq uire fra nsparency. 


2. SOFT SOAPS— POTASH SOAPS 

In the manufacture of soft soap the base used preponderantly is 
potassium hydrate, small (quantities only, if any, of caustic soda being 
employed under certain conditions. Thus in summer it is the custom 
to saponify with a mixture of caustic potash and caustic soda, according 
to the desired consistence of the finished product. By using a fatty 
material of high melting point it is possible to prepare a solid potash soap. 
Thus 11 ’or ms 1 uses as raw material a mixture of tallow and cocoa nut 
fatty acids with the addition of Japan wax, Chinese wax, beeswax, sper- 
maceti, or carnatiba wax. 2 It is claimed for these soaps that they give a 
strong and persistent lather. A solid potash soap containing 65-72 per 
cent of fatty acids is being sold in Germany. 3 The manufacture of potash 
soap is much simpler than that of haul soaps, as it involves practically 
only one operation, viz. kk boiling ” the glycerides with caustic alkali 
solutions in a pan, no salting out being required. Hence the resulting 
product, after being property ” fitted,” can be run straightway from 
the boiling-pan into the vessels in which the soap is sold. 

The method of manufacturing k< genuine ” commercial soft soap 
for household purposes differs, however, essentially from that employed 
in the manufacture of hard soap in that the presence of potassium 
carbonate is required so as to produce a soap of clear translucent appear- 
ance which possesses the desired consistence for handling. 

Before the production of caustic potash had reached its present state 

1 Gorman patents 248,657, 262,591. 

2 Miiller, Austrian patent application, ausgel, 15, iv. 1910. 

3 Seifensieder Zut., 1911, 1389. 
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of perfection, in other words, before it was possible to obtain a pure 
caustic potash, the soap-maker prepared his potash lyes by treating 
wood ashes (or later on pearl-ash) with lime, leaving so much of the 
potassium carbonate undecomposed as prolonged experience had shown 
him to be required, and to be most suitable, for the obtainment of a 
properly fitted potash soap. As potassium carbonate is only required 
for the “ fitting ” operation, the best practice is to carry out the saponi- 
fication of the glycerides by means of caustic potash of known strength 
and to add the potassium carbonate required in the course of .saponifica- 
tion, or at the finishing operation. 

The following two tables, giving the amounts required theoretically 
for the saponification of glycerides, have been calculated by the author 
for use in practice (ep. p. 305) : 


Caustic Potash Solutions required to saponify Fats of Mean Molecular 
JFeight 670 ( Cocoa Nut Oil , Palm Kernel Oil) [Lewkowitsch] 


Weight of 


Gallons of Solution of Caustic Potash. 


Fat in 
Tons. 

20° Twaddell = 

40* Twaddell - 

60* Twaddell = 

71* Twaddell = 


s. G. ri. 

8. G. 1-2. 

S . G . 1-3. 

S. G. 1-355. 

•05 

2 V 31 

10-42 

6 97 

5-80 

•1 

4263 

20-84 

13-95 

11-60 

•15 

63*94 

31-26 

20-92 

17-40 

*2 

85-25 

41-68 

27-90 

23-21 

•25 

10(3*57 

52-10 

34-87 

29-01 

*3 

127-88 

62-52 

41-85 

34-81 

•35 

149-19 

72-94 

48-82 

40-61 

*4 

170-51 

83-36 

55-79 

46-41 

•45 

191-82 

93-78 

62-77 

52-21 

•5 

213 13 

104-20 

69-74 

58 01 

•65 

234*45 

114-62 

7672 

63-81 

•6 

255-76 

125-04 

83-69 

69-62 

05 

277*07 

135-46 

90-67 

75-42 

•7 

298-39 

145-88 

97-64 

81-22 

•75 

319-70 

156-30 

104-61 

87-02 

•8 

341-01 

166-72 

111-59 

92-82 

■85 

362-33 

177*14 

118-56 

98-62 

•9 

383-64 

187-56 

125 54 

104-42 

•95 

404-95 

197 98 

132-51 

110-22 

1-0 

426-27 

208-40 

139-49 

116-03 

2 0 

852-54 

416-80 

278-97 

232-05 

3-0 

1278-80 

62519 

♦ 418-46 

348-08 

4-0 

1705-07 

833-59 

557-94 

464-10 

6-0 

2131-34 

1041-99 

697-43 

580-13 

6-0 

2557-61 

1250-39 

836-92 

696-16 

7-0 

2983-88 

1458-79 

976-40 

812-18 

8-0 

3410-14 

1667 T 8 

1115-89 

928-21 

9'0 

3836 41 

1875-58 

1255-37 

1044-23 

10 0 

4262-6 S 

2083-98 

1394-86 • 

1160-26 


[ Table 
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Caustic Potash Solutions required to saponify Fats of Mean Molecular 
IV eight 860 (Tallow, Cotton Seed Oil , Olive Oil , etc.) [ Leivkowitsch ] 


Weight of 

(Jiill 011 s of Solution. 

Fat in 
Tons. 

20" Twaddell — 

40 Twaddell- 

(J0° Twaddoll = 

71“ Twaddell = 


S. G. 1-1. 

S. G. 1-2. 

S. G. 1-8. 

S. G. 1 855. 

•05 

16-60 

8-12 

5*43 

4-52 

‘1 

33-21 

16-24 

10-87 

9-04 

*15 

49-81 

24-35 

16-30 

13-56 

•2 

66-42 

32-47 

21-73 

18-08 

•25 

83-02 

40-59 

27-17 

22-60 

•3 

99'63 

48-71 

32-60 

27-12 

•35 

116*23 

56-82 

38 03 

31-64 

•4 

132-84 

64-94 

43-47 

36-16 

•45 

149-44 

73-06 

48-90 

40-68 

"5 

166-05 

81-18 

54-33 

45 20 

•55 

182-65 

89-30 

5977 

49-72 

•6 

199-26 

97-41 

65-20 

54-24 

•65 

215-86 

105-53 

70-63 

5875 

•7 

232-47 

113-65 

76-07 

63-27 

•75 

249-07 

121-77 

81-50 

67-79 

•8 

265-67 

129-88 

86-94 

72-31 

•85 

282-28 

138-00 

92-37 

76-83 

•9 

298-88 

146*12 

97-80 

81-35 

■95 

315-49 

154-24 

103-24 

85-87 

1*0 

332-09 

162-36 

108-67 

90-39 

2 0 

664-19 

324-71 

217-34 

180-78 

3 0 

996-28 

187-07 

326-01 

271-18 

4'0 

1328-37 

649*42 

434-68 

361-57 

5-0 

1660-47 

811-78 

543-35 

451 -96 

6 0 

1992-56 

974-14 

652-01 

542-35 

7-0 

2324-65 

1136-49 

760-68 

632-74 

8-0 

2656-74 

1298-85 

869-35 

732 14 

9-0 

2988-84 

1461-20 

987*02 

813-53 

lO'O 

3320-93 

1623-56 

1086-69 

903-92 


Soft soap used to be made in fire-heated pans ; but during the last 
two decades these have been replaced in modern works by pans similar 
to those used in the manufacture of hard soap, but fitted with a “ close ” 
steam coil in addition to an open steam coil or coils. 1 

The fatty raw material (see p. 300), which for the best soap consists 
chiefly or preponderantly of linseed oil, is introduced into the soap pan 
and churned up with steam, when a caustic potash solution of about 20° 
Twaddell is run in. Whilst the saponification proceeds ; lyes of higher 
strength can be used. When all the glycerides have been converted 
into soap, and the latter is just slightly alkaline, potassium carbonate 
solution is introduced. The soap will then contain an excess of water ; 
this is removed by turning off the open steam and heating the mass with 
the aid of the dry steam coil. At the same time the mass is agitated 
by a suitable mechanical arrangement so as to promote the rapid 
evaporation of excess of water. By taking samples and examining their 
1 Cp. Bauer, English patent 21,457, 1909. 
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appearance and consistence on a glass plate, the operator is able to 
judge exactly the point at which the soap is “ finished.” The mass 
then represents practically a mixture of potassium salts of fatty acids 
with a solution containing all the glycerin from the fats, a slight excess 
of caustic potash, and a certain amount of potassium carbonate. The 
two component parts of this mixture are so carefully balanced that on 
cooling a homogeneous mass is obtained which retains its transparency. 
If the soap is made from linseed oil only, the transparency will be 
retained even in winter, and the soap will not “ congeal ” ; but if the 
soap stock contains notable amounts of cotton seed oil or even maize 
oil, and frost sets in, then the soap is liable to become dull (“ blind ”). 
Hence the choice of raw material is conditioned by the seasons. If 
some tallow is used in the stock, the harder potassium stearate or 
palmitatc, or a mixture of both, crystallises out in starlike clusters, 
producing what is known in commerce as “ figging ” (op. above, p. 316). 
The same effect can also be produced by replacing a portion of the 
caustic potash by its equivalent of caustic soda. It should be noted 
that as soda soaps are unable to retain as much water as do potash 
soaps, substitution of caustic, soda for caustic potash somewhat reduces 
the yield of 240 parts of soft soap from 100 parts of glycerides. By 
collating the tables given on pp. 305 and 306 with those given on 
pp. 332 and 333, the equivalent amounts can be easily found. The 
more soda used, the more is the soft soap apt to lose its transparency. 
This holds especially good of that white soft soap, known in Germany 
as “ silver soap," which is chiefly made from cotton seed oil. 

In the soft soaps prepared in the manner described above all the 
glycerin is retained, and, as has been pointed out already, a certain 
excess of caustic potash and notably of potassium carbonate is necessary 
in order to give the soap the inviting appearance which the public 
demands. 

By operating carefully, potash soaps can be made which are devoid 
of free alkali and potassium carbonate. Such soaps are, however, only 
manufactured for the purposes of the textile industry (see below), when 
absence of free alkali or of carbonate is essential, and the appearance of 
the soap is of no importance. In this case it is indispensable to work 
with pure caustic potash, as all impurities, such as sulphates, chlorides, 
and carbonates, pass into the finished soap. 

Solutions, or frequently only emulsions, of soft soap are known in 
commerce under the name liquid soaps. Those used in surgical and in 
pharmaceutical practice, 1 as also those intended for cosmetic (toilet) 
purposes, are mainly alcoholic solutions containing certain proportions 
of glycerin and are clear solutions. The first-mentioned soaps may 
contain medicaments and antiseptic substances. 2 In most of these 
liquid soaps neutrality would appear a desideratum. This can be easily 

1 A. Holub, Sfii/e.imeder Zcit., 1908, 1480; Chan. Znitralbl. , 1909 (1), 098. 

- Thus liquid “ sulphur ” soap is made by passing a current of sulphuretted hydrogen 
into an alcoholic solution of soft soap (Samson, German patent.] 91,900). Cp. Schniatolla, 
German patent 197,220; K. Lendrieh, United States patent 899,477 ; S. Knopf, 
German patent 299,157 ; Fehdler and Frank, French patent 419,235 ; English patent 
17,100, 1910 ; Schmitz, French patent 419,019. 



XV 


SOAP MANUFACTURE 


335 


fulfilled by careful working and it would appear unnecessary to prepare 
these soaps from fatty acids or rosin acids. For disinfecting purposes, 
aqueous solutions or emulsions of soft soap are sold under a large variety 
of fancy names. They contain tar oils (benzene, toluene) in such 
proportions that the solutions can be diluted with a certain amount of 
water without becoming turbid through the separation of the neutral 
tar oils (op. also “ Emulsified Oils ”). Thus, the author has found in 
an aqueous solution of soft soap 55 per cent of crude tar acids. Solutions 
of soft soap containing terpineol are protected by Fritzsche A 

Potash soaps contain much larger quantities of water than do hard 
soaps. Genuine soft soaps made in the pan retain so much water that 
100 parts of neutral glycerides yield 210 parts of commercial potash 
soap. 

From these data the theoretical composition of a genuine soft soap' 
can be calculated. 

Suppose a fat of the moan molecular weight 800 has been 
saponified. Its saponification value is approximately 195, or, in 
other words, it requires 19*5 per cent of KOII (=16*42 per cent of 
K a O) for saponification. 

The 210 parts of potash soap obtained from 100 parts of such fat 
contain, of course, 16*12 parts of K„0 ; therefore we have in the soap 
6*813 per cent of K 2 <> [240 : 16*42 : : 100 : x\ 

As the mean molecular weight of the fatty acids is approximately 
275, the corresponding figure for the fatty anhydrides is 275-9=266. 
Since 47*1 parts of potassium oxide combine with 2 66 parts of fatty 
anhydrides, we have in the soap 38*7 per cent of fatty anhydrides 
j 47* l : 266 : : 6*843 : j;J. The remainder consists of glycerol and water, 
potassium carbonate, and excess of caustic alkali, if any. 

The composition of a genuine potash soap should, therefore, theo- 
retically, be • 

l'er cent. 

Fatty anhydrides ....... , *18- 700 

Combined potassium oxide, K 2 0 ..... 0*813 

Glycerol, water, and potassium carbonate (by difference) . 54*457 

100*000 

Kosin is used for cheaper kinds of soft soap, just as in the case of 
hard soaps. For the reasons, .stated above (p. 300), soft soaps made 
with rosin as part of the stock, and intended for household purposes, 
are still looked upon as genuine. 

Tn the manufacture of soft soaps for textile purposes rosin must 
be avoided ; and the presence of rosin in such a soft soap must be 
considered as distinctly lowering its value, or even as constituting 
adulteration. 

Soft soaps, like hard soaps, are also “ filled ” (“ thinned out ”) 
with solutions of potassium silicate, potassium carbonate, potassium 
chloride, carragheen moss decoctions, starch, and potato flour. The 

1 German patent 207,570. 



336 TECHNOLOGY OF MANUFACTURED OILS, FATS, AND WAXES ch. 

last two substances are largely used for the adulteration of opaque 
(white) soft soaps made on the Continent, especially the German 
“ silver soap,” in order to “ increase the yield.” The soap used by 
silversmiths is heavily filled, sometimes up to 60 per cent, with chalk. 
Talcum is unsuitable for this purpose. 

In the best soft soaps all the glycerin is retained, and its presence 
helps to impart to the soap the desired transparency. The endeavour 
to recover this glycerin has led to the production of soft soap from 
fatty acids (oleic acid) and from “ soap stock fatty acids.” 

Oleic acid lends itself best for the making of neutral soaps for 
manufacturers’ purposes, as it is easy to prepare a completely neutral 
soap by bringing together a known quantity of oleic acid with the 
exactly required quantity of a solution of pure caustic potash. It has, 
however, been found by experience that these soaps do not impart to 
the woollen fibre the same lustre and “ feel ” which a soft soap containing 
all the glycerin from the natural fats is able to give. 

With the introduction of the a soap stock fatty acids ” the production 
of soft soaps from these materials has gained ground, notably on the 
Continent. But the same strictures which have been made above with 
regard to hard soap made from such material may he repeated also in 
this case. TIigh-class soft soaps such as are in demand in this country 
cannot be obtained with soap stock fatty acids. It need therefore 
only be pointed out briefly that, whereas the fatty acids obtained by 
the Twilchcll process are entirely unsuitable for soft soap, those made 
by the autoclave process can only be, used for the inferior qualities. 
Slightly better than the soap stock fatty acids prepared by the autoclave 
process is the soap stock material obtained by the ferment process. It 
should, however, be emphasised that such soaps are inferior to those 
made from glycerides. As the price of potassium carbonate is almost 
the same as that of caustic potash, or slightly higher, it would be un- 
remunerative to neutralise the free fatty acids in the soap stock fatty 
acids with carbonate, as is done in the case of hard soaps made from this 
material (see above, p. 318). There is, therefore, no inducement to use 
potassium carbonate in place of caustic potash. 

The process of making soft soap by double decomposition has been 
patented (see above, p. 323), but it is very unlikely that the manu- 
facture of soft soaps by this process will ever be attempted. 

Commercial Varieties of Soap 

In order to suit various purposes, the variety of soaps that are being 
made is exceedingly great. 

By far the largest quantities of hard soap are used for laundry, toilet, 
and other household purposes. 

The most suitable soaps for laundries are either genuine mottled 
or “ settled ” tallow-rosin soaps. The best class of toilet soaps contain, 
as a rule, 80 per cent of fatty acids ; but it must be understood that 
there are all varieties in commerce, down to the cheap transparent 



XV 


SOAP MANUFACTURE 


337 


toilet soaps, which contain even less than 10 per cent of fatty acids. 
As pointed out already, medicaments, etc., are frequently incorporated 
with soap in the milling machine, and thus an enormous variety of 
medicated soaps, or soaps containing plant extracts, disinfectants, with 
or without chlorinated hydrocarbons, carbolic soap, etc., are made. 

For household purposes all qualities are made, from genuine sou,]) 
containing (33 per cent of fatty acids down through all gradations of 
carbonated, silicated, “ filled,” “ run ” soaps to 41 scouring ” soaps 
which may contain only 10 per cent of fatty acids'. 

Soaps made from cocoa nut or palm kernel oils have the property of 
lathering in water containing salts ( k ‘ marine soaps ”). Buchanan 1 
prepares a marine soap by incorporating soda soap with a proportion of 
potash rosin soap. Soulier and Reisdorff 2 * patent a detergent com- 
position for use with sea water prepared bom purely inorganic materials 
(silica, alumina, and soda). 


Special objects are served by floating soaps, made by incorporating 
air with soaps whilst still in the paslv state or by mixing oxygen-yielding 
bodies, like hydrogen peroxide, with the molten soap ; 3 disinfecting 
soaps, containing carbolic acid, ‘ k anthrasol ” formaldehyde, terpineol, 
etc. ; soaps containing aromatic derivatives of mercury have been 
patented by Farbenfabrik, rormr F. Bayer and (Jo. 4 Sand soaps 
are made chiefly from finely ground silica or infusorial earth, by mixing 
it with hard soap (and sometimes with soda), so as to allow the mass 
to be shaped and handled like a soap cake. Admixture with sawdust 
has also been proposed for the same purpose. 

During the last decade shredded soaps, made from genuine soap, and 
gtound soap , also made from genuine soap, have come into vogue. These 
soaps may be considered as representing the best class of dry soaps : 5 
they contain more than 64 per cent of fatty acids and may reach as 
high a content as 80 per cent. Usually, however, under the name, of dry 
soaps arc understood those washing powders and soap powders which 
are prepared by grinding together hard soaps with sodium carbonate. 
On account of their handiness, and even economy, these soaps have 
come into extensive use, and art* therefore manufactured in increasing 

1 English patent 27,083, 1908 ; q>. also Lover Brothers, Ltd., French patent 405,943. 

- French patent 413,904. 

:i Foil, Austrian patent application 2773-00. 

4 Herman patents 233,437, 240,880 f English patents 10,075, 1909 : 21,9.81, 1910 ; 
French patent 402,740, and additions 13,002. 13,08*2 ; op. also Mcister, Lucius, and 
Brtining, Herman patent 271,820 ; Sehrauth and Schoeller, Herman patent 210,828. 

5 For the manuf.ieture of a dry soap, in form of powder, by blowing hot soap under 
pressure into a chamber, wherein it settles out as a tine powder, cp. O. Lindemnnn, 
English patents 25,276, 1907, 20,133, 1908, and Gehr. Kdrting, German patents 203,193, 
232,098. The preparation of finely divided soap by pouring soup in a liquid condition 
into brine is claimed b^A. It. Finlay (English patent 12,849, 1907). With regard to 
a machine for the mechanical preparation of finely divided soap, cp. German patent 
200,204 (Wecker and Buhler) ; United States patent 900,907 (W. Tillson) ; Biggs, 
English patent 20,952, 1910 ; Schwartz and Ayres, United States patent 1,033,737. 
“ Flake ” soup is also produced by cooling hydrous soap between rotating, strongly cooled 
cylinders to a band which is cut up into shreds and Hakes by mechanical means (German 
patent 223,659, Flakes, Limited). 

VOL. Ill Z ' 
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quantities. They are made by preparing a genuine or other soap 
stork, and grinding this under edge-runners together with soda crystals 
or soda ash and a suitable proportion of water or soap solutions, made 
by boiling “ oleine ” with caustic soda solution. The ground mass is 
then reduced to powder in a disintegrator. Other methods are also 
in vogue. A machine for performing the saponification of oils and fats, 
subsequently drying them, and reducing the soap to powder, lias been 
patented by Edwards and Ranee 1 and also by C. Ellis ? The amount 
of real soap varies considerably. In the United States cotton seed 
soap stock is largely used for making such washing powders (ep. Chap. 
XVI. p. 402), but these are much inferior in quality to soaps made 
from better material, such as palm oil. (It should be [jointed out that 
dry soap dust is liable to cause explosions. 1 * 3 ) Vegetable saponins are 
sometimes incorporated with dry soaps in order to increase the lathering 
properties, as also are the protein-containing germs of various cereals, 4 
and brewery yeast. 5 The addition of borate of ammonia has been 
patented. 6 Frequently inert matter such as sodium sulphate, kiesel- 
guhr, magnesium carbonate. 7 etc., is incorporated with the soap powder. 
Sodium silicate is also added to some varieties of soap powders. 

Mixtures containing no soap (i.e. a mixture of sodium perborate, 
soda, and borax) fall outside the scope of this work. In order to make 
soap cakes which will dissolve easily in water it has been proposed to 
press the powdered soap into cakes after the addition of a suitable 
agglutinant such as dextrine. 8 The manufacture of soap containing 
glyceryl borate has been patented by Grant? 

Verv considerable quantities of soap an? used in the textile in- 
dustries, notably in the silk, woollen, and cotton industries. These 
soaps, known as textile soaps, form, as it were, a special group, and 
require therefore brief consideration. 

In the silk industry the soap used for degumming the raw silk fibre 
is mostly made from olive oil or (chiefly in America) from lard oil. 
The soaps intended for this industry are required to be as free from 
uncombined alkali as possible, as it is said that even the smallest amount 
is apt to damage the “ feel ” and lustre of the silk’. Nevertheless, silk 
manufacturers add a small amount of potassium carbonate to the soap 
bath. For washing finished silk goods it is advantageous to have an 
easily soluble soap. Olive oil soda soap, and (‘.specially oleic acid soda 
soap, are in vogue for this purpose. Addition of borax to such soaps 
is sometimes desired by the silk manufacturers. 

1 English patent 4654, 19111. 

3 United States patents 904,520, 1,007,680. 

3 Cp. 8. F. Peekliam, Jovrn. Soc.. Ghent, hut.. 1907, 244. 

4 Macpherson and Heys, English patents 5620, 1909; 20,089, 1909; French 
patent 415,974 ; Murray, French patent 440,978 ; Klopl'er, English patent 2191, 1912 ; 
Lothainmer, French patent 432,025. 

s Anyon, United States patent 1,064,591. 

Armstrong, English patent 17,218, 1904. 

7 Walker and Freestone, English patent 17,228, 1909. 

8 Saponiu-Werke, F. Boehm, French patent 417,139; Patent Borax C'o., English 
patent 13,008, 1910. 

u French patent 417,547. 
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In tlic woollen industries 1 soap is used (o) for scouring raw wool, ( b ) 
for scouring spun yarn, and (c) for scouring the woven woollen fabric. 

(a) Soap intended for scouring raw wool should not contain free 
caustic alkali, as free alkali acts injuriously on the wool, destroying its 
surface bv pitting the scales and taking away its lustre. Some wool- 
washing establishments wash therefore with dilute ammonia solutions 
or with ammonia soaps. If the raw wool is of inferior quality, no 
objection is taken to a small amount of alkaline carbonate. 

Soft potasli soap is preferable to soda soap, caeteris paribus. IJn- 
saponified fat, unsaponjfiable matter, rosin, silicate, and “ fillers ” 
should be absent. “ Secret powders ” consist largely of sodium 
carbonate and inert substances with a minimum of palm oil soap or 
even cotton seed oil soap. 2 

- (b) Soaps for scouring spun yarn should also be neutral. For the 
best class of goods the soap is made from sulphur olive oil (see Vol. II.), 
but genuine mottled soaps (see above) are very largely employed, as 
they can be made to contain but a small quantity of free caustic soda. 
Rosin and (or) cotton seed oil (or cocoa nut oil) should not be used for 
these soaps, nor should silicate, etc., be employed. 

(c) Soaps for scouring, ” fulling,” “ milling ” the woven 'woollen 
fabric for best-class goods should be devoid of free alkali. For the 
tirst two purposes, caeteris paribus, potash soap is preferable to soda soap. 
This should be made from pure olive oil or tallow. To the latter some 
cocoa nut oil is usually admixed. 

For the scouring of low-class goods, such as union goods for which 
mungo and shoddy are used, strongly alkaline soaps are demanded by 
manufacturers, and a certain amount of free caustic alkali and alkaline 
carbonates is allowed. Silicate and rosin should, however, be absent ; 
neither should the soap contain unsaponified fat nor unsaponifiable 
substances. 

In the cotton industry soap serves to remove “ stiffening,” and is 
used for washing the dyed or printed fabric. Soaps for the use of calico 
printers are mostly made from olive oil or palm oil. Small quantities 
of cocoa nut oil are also used. They should not contain maize oil, 
cotton seed oil, or rosin ; neither should they contain free alkali, as t his 
acts injuriously on the colour of the printed calico. 

The textile soaps described above are (or should be) genuine soaps, 
unless filling with sodium carbonate and silicate is allowed. As special 
textile soaps may be mentioned : — 

Softening, “ Cotton Softener.” — These soaps are used in the cotton 
industry, and consist of a salve-like emulsion made by incorporating 
large quantities of water with genuine soap. “ Softening ” is, as a rule, 
made from cocoa nu* oil or from tallow, and “ run down ” with water 
to contain even as little as 20 per cent of fatty acids. This soap is 

1 Cp. Levvkowitsch, Jour a. Soc. Dyers and Colourists, 1894, 42 ; Jour a. Hoc. Chem. 
hid., 1894, 258. Cp. also Massot, Zeits.f. any mi. Chem., 1906, 233. 

‘i Cotton seed oil should be avoided in the making of textile soaps. Nevertheless, 
large quantities of cotton seed soap stock are shipped from the United States to this 
country and are used for scouring inferior goods (see Chap. XVI.). 
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frequently “ filled ” with starch or potato meal. In some “ softenings ” 
potash soap is substituted for soda soap. 1 In the United States 
“ softening ” is frequently made from maize oil and cotton seed oil. 
Another type of “softening” is an emulsion consisting of carragheen 
moss and cocoa nut oil (or palm kernel) soap/ to which sometimes 
glycerin is added. 


Liquid Soaps 

Soap Emulsions . — These are prepared by partially or completely 
neutralising Turkey-red oil with caustic, alkali, 2 A solution of soap in 
carbon tetrachloride 3 or ehloro-ethylencs 4 belongs to this group. Clean- 
ing emulsions containing no soap in which the carbon tetrachloride and 
water are emulsified by means of a small amount of saponin, have been 
patented by Wacke.n renter. 5 

Dry Cleaning Soaps — Benzin Soaps . — These soaps are made from 
potash soaps, containing only small quantities of soda soap, or from 
oleic acid and ammonia and petroleum naphtha (or even burning oil 
which is, however, difficult to remove), or ethyl acetate. 6 Commercial 
specimens of such soaps examined in the author’s laboratory contained 
approximately 30 per cent of hydrocarbons. These soaps form a 
gelatinous mass, and are specially used in the “ dry cleaning ” trade. 7 
The best soaps of this class contain free unsaponified fat so as to ensure 
absence of free alkali. 

The facility with which foreign substances can be incorporated with, 
and are retained by, solidified, jellified, or liquid soap has led to the 
production of an enormous amount of all kinds of “ special ” soaps for 
each of which some valuable property (real or supposed) is claimed. 
It is quite impossible to give a classification of these, and it must, 
therefore, be left to the analyst to decide, in each indi vidual case, whether 
a soap containing foreign substances must be considered to be an 
adulterated soap or not. Thus a soap sold as a sand soap or pumice 
soap 8 is not adulterated soap. Nor would a soap containing naphtha, 

1 Op. F. 0. Burnham, Journ. Sac. Chem. Ind . , 1906. 

2 Op. L. E. Common and Hull Oil Manufacturing Company, English patents 23,768, 

1906 ; 16,969, 1907 ; cp. also 0. II. Meyer, German patent 197,400 (op. p. 203) ; Soc. 
Nauton Fiores et de Marsac and T. F. Tesse, English patent 9441, 1909; German 
patent 236,295. t 

3 Stockhausen, German patent 169,930; ep. Chem. Zeit. , 190(8, 935; Armstrong, 
English patents 16,406, 1905 ; 21,280, 1908 ; Drayer, United States patent 1,049,495 ; 
Schmitz, German patent 255,901; Welter, French patent 402,175 ; English patent 
8982, 1909. 

4 French patent 396,493 (Stockhausen and Traiser) ; Roller, English patent 15,288, 
1910 ; United States patent 1,088,900 ; Soc. Nauton Frcres et de Marsac and Tense, 
English patent 14,725, 1909 ; Fetidler and Frank, English patent 17,100, 1910. 

5 United States patent 1,038,783. 

" Stockhausen and Traiser, German patent 246,606. 

7 Cp. German patent 92,017. Gartenmeister, Simon, and Diirkheim, German patent 
267,439 ; de Sales, English patent 1292, 1905 ; Boehine and Wolff, English patent 
23,013, 1909. For an adulterated soap of this class cp. English patent 1292, 1905 ; cp. 
also Kruger, F&rber-Zeitung, 1902, 289 ; Chem. Zeit ., 1908, 935. 

8 Jaeekels, English patent 26,867, 1908. 
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or petroleum, or tar oils, or sulphur, or peroxides, 1 or perborates, 2 or 
sodium tungstate, 3 or lithium salts, 4 fall under this head, if sold as 
naphtha soap , petroleum soapy tar soap , or sulphur , etc., soaps. 5 it 
should, however, be pointed out that, as a rule, these substances are 
very frequently accompanied by loading materials (especially sodium 
silicate solutions). In this connection it may be mentioned that under 
the name of “ American soap stock " there is sold a heavy mineral oil, 
mixed with soap and in some cases even with “ oleine.” 

Attempts are being made at present to make soap with the aid of 
naphthenic acids, which are recovered in the Russian oil industry from 
the “ soda tar ” obtained in the refining of petroleum fractions. As 
naphthenic acids alone yield a viscous or even liquid soap, they are sold 
as a ” substitute " for fatty material under fancy names such as ” sapo- 
naphtha " ; they are stated to be used to some extent in the manufacture 
of low-class Russian soaps. 6 the chief component of which is cocoa nut- 
oil. The presence of naphthenic acids in a soap, unless declared, would, 
therefore, have to be looked, upon as adulteration. 7 Their presence in a 
soap would betray itself by an extremely unpleasant smell of petroleum, 
by the dee]) green colour of their copper salts, 8 and by their low mole- 
cular weights, viz. about 215 (the theoretical number for is 

212). The use of metallic salts of naphthenic acid in conjunction with 
naphthenic glycerides has been proposed as a substitute for india-rubber. 9 

The following is an analysis, due to Charilschkojf, 10 of a soap made 
from naphthenic acids, and sold as a “ disinfectant ” soap or “ mineral ” 
soap : — 


Naphthenic acids 
Total alkali 
Sodium carbonate 
Water 10 . 

Impurities 


27*3 per cent. 
18-3 
1-22 
48-5 
4-4 


1 See Vol. II. Chap. XIII. p. 35 ; cp. also German patent 157,737 (zinc peroxide) ; 
English patent 19,809, 1905 ; French patent 392,955 (Beiersdorf and Company) ; and 
English patent 10,823, 1908 (Woltfenstein) ; English patent 1150, 1909 (sodium per- 
oxide and carbon tetrachloride). Grnner, German patents 107,793 (sodium peroxide), 
190,140, 191,887, 193,738, 193,739, 197,370, 197,377. 

2 Giessler and Bauer, German patent 149,335 ; Chem. Weeks conn . Dr. If. llyk , 
English patent 7945, 1909 ; Hungarian patent applications G. 1874 and C. 1937 ; German 
patents 254,210, 258,393 ; Palanca and Co., Italian patent. 341/135/112,472 ; A. 
Uadisson, French patent 398,302 ; E. Herrmann, French patent 398,448 : cp. also 
United States patent 911,158 (Mansolss and Rosslor and Hasslacher, Chon. Fabr.). 

:t English patent 717, 1909 (Hollingworth). 

* Fattinger, English patent 11,953, 1910. 

5 To this class would belong soaps* containing sodium sulphide, Chon. Weeks in 
Freiburg i/B, French patent 341,159; English patent 18,152, 1904; German patent 
189,873; cp. also Diesser and Wohlrab, German patent 258,655. Such soaps are 
specially made for the use of workmen in white lead works. 

6 Cp. E. Pyhiilii, Petroleum , 1908, 571 ; 1313. L. Mazet, Lcs Matures grasses , 
1908, 1222. 

7 Cp. H. Breda, English patent, 19,477, 1906 ; German patent 179,564 ; Bazin, 

French patent 399,212. 

H The naphthenic acid has been proposed as a qualitative reagent for copper and 
cobalt, inasmuch as the metallic salts are soluble in ether, benzin, etc., yielding highly 
coloured liquids, Cluiritsehkoif, Cl win. Zeit. Rep., 1910, 157 ; cp. also Lutxchinnsky, 
Chem. Zeit., 1911, 1204. 9 Chcrchetfsky, German patent 228,858. 

10 Chem. Zeit. Rep., 1907,226. The original states: 28*48 per cent of water ; this 
must be due to a printer’s error. 
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Another analysis 1 of naphthenic soap (sold as “ Miloin ”) gave 
the following results : — 


Naphthenic acids .... 

50-96 per cent. 

Total alkali, as NaOH 

13-98 „ 

Combined alkali, as NaOH . 

9-30 „ 

Free sodium hydrate 

1-85 

Sodium carbonate .... 

3-74 „ 

Naphthenic soda soap, anhydrous 

56-07 „ 

Neutralisation value of the naphthenic acids 

255 

Mean molecular weight 

219 


The iodine value of naphthenic acids is given by Charitschko])' as 1-1 . 
Soaps of naphthenic acids require even more salt in the salting-out 
process than do the corresponding cocoa nut oil and palm kernel oil 
soaps. 2 


Valuation and Analysis of Soap 

In the foregoing lines the order of enumeration and classification 
of soaps within the two sections is chiefly based on the proportion of 
fatty acids which they contain. Hence in the valuation of soap, 
chemical analysis must play a prominent part, inasmuch as only thereby 
is it possible to ascertain the percentage of real soap, the amount of 
other constituents, and the presence of foreign substances. Whilst 
chemical analysis will thus be resorted to in the first instance, it must 
not be forgotten that a host of other factors, such as appearance, con- 
sistence, lathering properties, etc., play an important part in enabling 
one to arrive at a definite opinion as to the value of a soap. Not every 
soap is suitable for a given purpose, and much depends, cceieris paribus, 
on the nature of the fat stock which has been employed. 

Stiepel 3 attempts to measure the lathering capacity of soap by 
dissolving in 100 c.c. of water an amount of soap corresponding to 0*6 
grm. of fatty acids. This solution is placed in a flask of 2 litres capacity 
provided with a long graduated neck, on the top part of which is a bulb 
holding 50 c.c. The flask is well shaken for 30 seconds at a temperature 
of 17°-20° C. (or at 50°-55° C.) and inverted, when, after standing for 
about 3 minutes, the amount of froth can be read olf. 

According to the standards laid down by the Government of New 
South Wales, soap must contain not less than 59 per cent of fatty acids 
plus rosin acids, not more than one-tenth of one per cent of free caustic 
alkali, and not more than 3 per cent of sodium carbonate. If filling 
material be added, which must not exceed 10 per cent, the product must 
be labelled “ soap mixture.” 

Hiilyer 4 proposed to value a soap by determining the emulsifying 
power of the soap solution, on the assumption tha}; this might form a 

1 Chcm. Zeit. Rep., 1908, 610; cp. also Schwarz and Marcusson, Ohem. Rente, 
1908, 165; Bontoux, Les Matures grasses, 1911, ‘2156. 

2 Davidsolm, Zeits.f. angew. Ghem., 1914, 2. 

3 Seifensieder Zeit., 1914, 347. 

* Journ. Amer. ('hem. Roe., 1903, 1256. Cp. F. G. Dnmian, Zeits.f. pht/sik. Ghent., 
1899 (31), 42 ; cp. also Bein, Ghent. Zeit., 1908, 236. 
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measure of the cleansing power. As Hillyer himself agrees that this 
test in the form described by him does not supply, an exact measure, 
the reader must be referred to the original paper. Tests of this kind 
would only have practical importance for establishments using large 
quantities of soap, such as laundries, woollen mills, etc. in these 
establishments the value of a given soap is ascertained by practical 
tests, the quantity of soap required to do a certain amount of work 
being actually determined on a large scale. 

Shukoff and Richest a kojf 1 also attempted to determine the washing 
power of soaps made from different oils and fats. According to their 
experiments the washing power of the soaps decreases in the following 
order : — Tallow, liquid vegetable oils and olein, cocoa nut, palm kernel 
oils. These observers also state that the maximum cleansing effect is 
observed when the concentration of true soap in the solution is 0-2 to 
0-1 per cent. 

In the following lines the most reliable chemical methods (leaving 
out a number of proposed processes) applicable in the examination and 
valuation of commercial soaps will be described. No attempt is made 
to indicate a complete course of analysis embracing the search for all 
substances that mav possibly be present, as such a course would be of 
little practical use. 


Sampling 1 of Soap 


Great care must be exercised in sampling soap in order to avoid 
serious errors in the determination of water. On exposure to the 
air, -map dries on t he surface, and once a “ skin ” is formed the outer 
portions of a cake, protect to some extent the inner portions from loss 
of water by evaporation. In the case of hard soap the sample for 
analysis should therefore be taken from the centre of the cake by cutting 
away all the outer portions to what extent this must be. done will be 
gathered by inspecting a transverse section, this showing to what depth 
drying has taken place. The inside and outside give different propor- 
tions of fatty acids. Such devices as taking a sample by means of a 
cork-borer, or by cutting a transverse slice from a cake, in order to obtain 
an “ average ” sample, lead in most eases to erroneous results, this 
method of taking the inside of a bar will, of course, show, as nearly as 
possible, the percentage of fatty acids in the soap as it left the works. 
If, however, the soap is sold in Ifhrs of definite weight which have dried 
out considerably and the loss of weight to each bar has been taken into 
account , then the fatty acids must be determined in a transverse section. 
If the sample under examination be a freshly made soap (containing 
about 30 per cent of water), a fairly large portion should be weighed off 
rapidly, as the soap*is apt to give up perceptible quantities of moisture 
to the dry atmosphere of the balance case. For the same reason the 
sample should not be sliced before weighing, except perhaps in the case 
of a milled toilet soap or of a thoroughly dried-out soap. The well- 


(%nn. Zeit., 1911, 1027. 
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known contrivances for preventing loss of moisture during weighing 
must be resorted to, if highly watered soaps be under examination. 

Similar precautions must be taken in the case of soft soap. If a 
keg of potash soap is to be examined, the sample must be taken from 
the centre. 


(a) Determination of Fatty Matter and of Total Alkali 

The following is a rapid and, for the purposes of commercial analysis, 
sufficiently accurate process : - 

Weigh off accurately 5 to 10 grms. of the sample (or 50 grms, on 
a balance sensitive to centigrammes), and dissolve in hot water in a 
beaker or porcelain basin by heating gently ; stir continually with a 
glass rod so as to prevent, the soap from caking on to the bottom of 
the vessel. Add a few drops of methylorange, and run in gradually 
hydrochloric, or dilute sulphuric acid (or dilute nitric acid if chlorides 
and sulphates are to be determined), until there is an excess of mineral 
acid. Heat with constant stirring, until the separated fatty acids 
have melted into oily drops, add about 5 grms. (or 20 grms. for 50 grins, 
of soap) of dry beeswax, or paraffin wax 1 — the paraffin wax should of 
course not give off volatile substances at 100° 0.,— weighed accurately 
on a tared watch-glass (which is used afterwards for weighing the fatty 
matter), and heat, again until the mixture of fatty matter and wax has 
collected on the top of the liquid as a clear, transparent oily layer, free 
from specks. Rinse off the glass rod with boiling water, heat until the 
fatty matter has again collected into one mass, remove the vessel from 
the source of heat, and allow the fatty layer to solidify by cooling. 
A white precipitate on the bottom of the beaker will indicate the pres- 
ence of silicate or of “ fillings ’’ insoluble in mineral acids. 

The solidified cake is then detached from the vessel by means of a 
platinum spatula, lifted out of the liquid, rinsed off with cold water, 
and placed on filter paper. Any small quantity of fatty substance 
adhering to the sides of the vessel is carefully scraped off and added to 
the cake. Dry the cake (by touching lightly with filter paper), place 
it on the watch-glass used before, bottom side upwards, allow to dry in 
a desiccator, and weigh. (For the control of works’ operations, when 
50 grms. should be used, it is sufficiently accurate to weigh immediately 
after drying with filter paper, taking care that no moisture remain in 
the cavities (if any) of the cake.) Should the cake contain any cavities 
(which only occurs when the fatty matter has not been heated properly), 
enclosing water and perhaps even mineral acid, 2 the fatty matter should 
be remelted in a basin over water, taken off after solidifying, and dried 
as described before. 

From the weight thus found the weight of the \fax is deducted, and 
the difference returned as fatty matter. If no closer examination is 
made, this is, as a rule, returned as fatty acids. This is, however, only 

1 The addition of wax may, of course, be omitted if it is known that the fatty matter 
will .set to a solid cake on cooling. 

>l This can only occur if the operation lias not been carried out carefully. 
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correct if the absence of neutral fat } wax , and an saponifiable matter lias 
been proved, rosin acids being looked upon as so much fatty acids, 
unless their separate determination is desired. 

In case the sample of soap contains any foreign matter (such as fibre* 
potato starch, etc.), from which the fatty matter does not separate 
readily, it is best to extract with ether, and to determine the weight 
after evaporating off the solvent. In many cases the foreign matter 
can be separated from the soap by treating the sample with hot alcohol, 
in which the soap dissolves, and filtering off. 

Any soluble fatty acids which are present in the soap pass to some 
extent into the acid liquor ; as a rule, they may be altogether neglected, 
except where cocoa nut and palm nut oil soaps are examined. In that 
case it is best to work with concentrated solutions, or, if convenient, 
to add common salt, which throws the bulk of the soluble acids out of 
the aqueous solution, so that the remainder may be mostly disregarded. 
If great accuracy be required the soap should be decomposed with 
mineral acid under ether or low-boiling petroleum ether, or a mixture 
of both solvents, so that the fatty matter is brought into ethereal 
solution. If petrol ether alone be used, water can be excluded easily, so 
that t he drying of the fatty acids can be effected at low temperatures. 
A less accurate met hod is to titrate the aqueous solution with standard 
alkali until it is neutral to methylorange, then to add phcnolphthalein 
and again to titrate with deci normal alkali. It is sufficiently accurate 
to calculate the alkali used in the second titration to caprylie acid, 
Oj. 1 1 i 6 Oo , molecular weight 111, and to add the amount so found to the 
bulk of the fatty matter (ep. Fendler and Frank L ). 

liudde 2 proposes to precipitate the fatty acids by means of an 
excess of standardised copper sulphate solution. The precipitated 
copper salts are dried and weighed, the excess of copper being deter- 
mined i odo me t rical 1 v. 

A verv large number of processes purporting to introduce greater 
accuracy have been recommended by different chemists, but in the 
author s opinion they unnecessarily complicate the analysis, without 
offering any advantages. One of the simplest, due to Schulte, 9 which 
gives good results when known materials have been used, is to dissolve 
the soap in water, decompose a measured volume with acid and centri- 
fuge it in a graduated tube, the volume of fatty acids being read off 
and calculated to percentage, r 

If by subsequent examination the soap be found to be free from 
neutral fat, wax, and unsaponifiable matter (p. 349), the fatty matter 
is returned as fatty acids. If a complete analysis of the soap is desired 
these are calculated to fatty anhydrides. Since 100 parts of stearic 
acid, C l8 ll. j0 O 2 , correspond * to 96-83 parts of stearic anhydride, 
((h 8 H % 0) 2 6, and- similarly 100 parts of palmitic acid, 0 16 li 32 () 2 , to 
96-48 parts of palmitic anhydride, (C ]0 li 31 O) 2 O, and 100 parts of oleic 

1 Xdts. /'. aiujno. Chau., 1909, 253. 

- ,S 't'i/ensieder Zrit., 1911, 418. 

a Jhut . , 1913, 551 ; ep. also Doniiuikiewiez, Cl tem. Zdt., 1909, 728. 
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acid, C^gH^Og, to 96-81 parts of oleic anhydride, (CjgHggO^O, no 
appreciable error is committed if 3*25 per cent be deducted, or, what 
amounts to the same, if the percentage of fatty acids be multiplied by 
0-9675. If the proportion of rosin acids in the soap be required, the 
fatty matter must be examined by T witched' s method (Vol. 1. Chap. X.) 
and the rosin acids calculated to the original soap (see below). 

The more fatly acids a sample contains, the more actual soap is present. 
A comparison of the result of the analysis with the theoretical com- 
positions given above will assist in the valuation of a soap. Any hard 
soap containing more than 64 per cent of fatty acids has either dried 
spontaneously on keeping, or has been dried artificially, as in the case 
of milled toilet soaps ; hard soaps containing less than that amount 
have been reduced intentionally, and may contain an excess of water 
or alkali, or any of the many adulterants that are incorporated with 
soap. 

The determination of the total alkali in a soap is conveniently 
combined with the determination of the fatty matter by using an accur- 
ately measured volume of standardised acid for decomposing the soap. 
The acid liquor is then filtered to remove traces of fatty acids, and the 
excess of acid is titrated back with standardised alkali (see below). 

The alkali is calculated to caustic soda, Na 2 0, in the case of hard 
soaps, and in the case of soft soaps to caustic potash, K 2 0. - Some hard 
soaps may contain small quantities of potash, but this may be, as a rule, 
disregarded. More frequently soft soaps contain notable proportions 
of soda. If a separate determination of soda and potash be; required, 
the soap must be decomposed with hydrochloric acid, and the. potash in 
the acid liquid estimated as potassium platinie chloride, in the usual 
manner. From the amount of potash so found, and from the quantity 
of acid required to neutralise the total alkali, the amount of caustic soda 
in the soap is calculated. Of course, any other method used in mineral 
analysis may be employed. 


(b) Continued Alkali, Free. Caustic Alkali, and Alkaline Salts 

The total alkali is the sum of the several amounts of alkali present 
in the soap as (1) alkali combined with fatty (and rosin) acids, termed 
conveniently combined alkali ; (2) free- caustic alkali ; (3) alkali as 
carbonate, or (and) silicate , or (and) borate. 

1. Combined Alkali is usually found by difference, i.e. by subtracting 
the sum of the amounts of alkali obtained for (2) and (3) from the total 
alkali as determined above. It can, however, be found direct by 
titrating the alcoholic solution of the soap with normq] acid (see below), 
using methylorange as an indicator after neutrality has been established 
to phenolphthalein. This may be done as a check, or in order to dis- 
pense with the determination of the alkali present as carbonate, silicate, 
and borate (3), which obviously can then be found by difference. 

2. Free Caustic Alkali. — A preliminary test is made by dropping 
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an alcoholic solution of phenolphthalein on to a freshly cut surface of 
the soap. Pink colouration indicates the presence of free caustic soda 
(also of carbonate, silicate, and borate if the soap be moist). If the 
soap is dried out the alkaline salts do not redden the phenolphthalein. 
In order to separate free caustic alkali from any alkaline salts, a portion 
of the sample is dissolved in absolute alcohol and filtered. The alkaline 
salts remain on the filter, so that the alcoholic filtrate may now be 
titrated, using phenolphthalein as an indicator. 

Free caustic alkali should be absent from well-made soaps, especially 
from toilet soaps. As a great deal of circumspection and experience is 
required so to “ fit ” a soap that it contains practically no free alkali, 
most of the ordinary commercial soaps will be found to contain an excess 
of free alkali. If this be small, the free caustic soda is mostly converted 
into carbonate, on exposure to the atmosphere, so that in many cases 
no free alkali will be found, especially if only the outer portions of a cake 
be tested. If, however, the excess of free caustic soda in a soap be 
large, as is notably the case in scouring soaps and in cheap toilet soaps 
made by the cold process, the detection of free alkali will offer no 
difficulty. 

It should be borne in mind that under the term u free alkali ” 
frequently all that alkali is understood which is not combined with 
fatty (or rosin) acids to form true soap, so that carbonate, silicate, and 
borate are included in “free alkali." 1 deline here free alkali as free 
caustic alkali, thus differentiating it from the alkaline salts. 

Free caustic alhili is determined quantitatively (Hope 1 ) by dis- 
solving 10 to 30 gnus, of the sample in hot. absolute alcohol in a flask, 
loosely corked in order to prevent absorption of moisture from the air. 
Highly watered soaps must he first dehydrated to some extent, whilst 
access of carbon dioxide is excluded. The hot solution is filtered 
rapidly, care being taken that no soap-jelly separates out on the filter ; 
if the operation is carried out judiciously, a hot water funnel can 
be dispensed with. 2 The filter is washed with absolute alcohol, and 
the filtrate received in a narrow-mouthed flask. Phenolphthalein is 
added, and the solution is then titrated with decinormal hydrochloric 
acid. In some cases the alcoholic soap solution may exhibit an acid 
reaction to phenolphthalein. Acidity may be due to the soap containing 
an acid stearate (palmitate or oleate, cp. Vol. I. Chap. I.) owing to 
faulty “ fitting,” or to fatty acid having been added to “ kill ” an excess 
of alkali. The amount of decinormal alkali required to neutralise the 
solution is calculated to free fatty acids , in terms of oleic acid. Another 
although less accurate method is to precipitate a solution of the soap in 
50 per cent alcohol with barium chloride. In this manner the fatty 
acids together with carbonic acid, silicic acid and boric acid are pre- 
cipitated as barium salts which can be filtered off and the free caustic 
alkali titrated in t-te filtrate in the usual manner. 3 

1 Claim. News, 1881 (43), 219. 

‘ 2 Spaeth recommends to use a Soxldet extractor (cp. Journ. Soc. ('hem. /ml., 1896, 
139), but in my opinion this introduces an unnecessary complication. 

:l Kling, Genin and Klorentin, Hull. Soc. chirn., 1914, 200. Cp. also Boss hard and 
Iluggenberg, Zeits.f. an yew. C 'hem., 1911, 11. 



348 TECHNOLOGY OF MANUFACTURED OILS, FATS, AND WAXES cii. 


3. The precipitate left on the filter contains carbonate, silicate, and 
borate, with which other insoluble substances, added as “ fillers ” (such 
as starch, talcum), as also colouring matters, may be admixed. (With 
regard to the complete examination of this precipitate see below.) To 
determine the* alkali contained in the alkaline salts the precipitate on 
the filter is washed with cold water (see (e) 1 ), and the filtrate is titrated 
with standardised acid, using methylorange as an indicator. The acid 
used is calculated to Na 2 0. 

(c) Determination of Water 

The direct determination of water in soaps is, as a rule, an un- 
necessary operation. In the case of genuine soaps it suffices for all 
practical purposes to calculate the fatty acids to anhydrides, and add 
their weight to the amounts of alkali in its various forms. The water 
is then found by difference. Soaps reaching the analyst's laboratory 
have, as a rule, lost more or less water bv drying ; hence the direct 
determination of water in soaps does not afford a reliable means of 
valuation. For it must be remembered that ethereal oils (present even 
in many household soaps) volatilise with the water, as does alcohol 
(present in small quantities in some kinds of transparent soaps), and, 
to an appreciable extent, also glycerol (present in notable quantities in 
soaps made by the cold process, as also in some toilet soaps). Moreover, 
if a soap contains considerable proportions of free caustic soda, part of 
the loss will be compensated by the absorption of carbon dioxide from 
the atmosphere. 

The direct determination of water is therefore only resorted to in 
exceptional eases. The soap is then cut into fine shavings, brought 
into a porcelain dish, and weighed with a glass rod, so that the. skin 
which forms on drying and prevents the escape of water from the inner 
portions may be conveniently broken up from time to time. This is 
especially necessary in the case of highly watered soaps. 

For the purpose of valuing a sample of soap by chemical means the 
determinations described under (a) to (c) will suffice in most cases. 
Further tests embrace the examination of the fatty matter, and the 
detection and determination of other constituents of the sample. 


(d) Emmination of the Fatty Matter ( kk Soap Stock ’’) 

If no wax has been employed in the separation of the fatty matter, 
the latter may be used direct for the following tests. Otherwise a fresh 
quantity of fatty matter must be prepared ; the cuttings of the soap are 
most conveniently used up for this purpose. 

Idle fatty matter may contain, besides fatly acids — 

1. Rosin acids. 

2. Neutral fat. 

3. Unsaponifiable matter. 
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1. Rosin Acids. — Rosin acids aTe detected qualitatively by the 
Liebermann - Storeh reaction. For their quantitative estimation see 
Vol. I. Chap. X. For a method based on the solubility of the sodium 
soaps in acetone the original paper by Leiste and Sliepel 1 should be 
consulted. In the case of low-class soaps made from waste fats or 
their fatty acids there may occur oxidised fatty aeids, as also in the 
case of soaps made from “black grease,” fish stearic; etc. The fatty 
matter will in such cases reveal its presence by the dark colour. If the 
presence of oxidised fatty acids be suspected, their quantity is ascer- 
tained by separating the bulk of the fatty acids, which are soluble in 
petroleum ether, from the oxidised acids. 

2. Neutral Fat. — A well-made soap will but rarely contain un- 
saponified fat. If neutral fatty substances have been added to the 
finished soap, as in the case of " super-fatted* soaps (admixed with 
olive oil, etc., or in the case of certain toilet soaps, with wool wax), 
they will be obtained together with any unsaponifiable matter present, 
and must be separated from it subsequently. 

The neutral fat plus unsaponifiable is isolated in a direct manner 
from the sample of soap bv dissolving a weighed quantity in water or 
alcohol, adding standardised caustic potash to neutralise free fatty 
acids (if any), phenolphthalein being the indicator, and exhausting the 
soap solution as described Vol. I. Chap. VI. 

The residue from the ethereal solution consists of neutral fat plus 
unsaponifiable matter. The separation of the two constituents is 
effected by saponifying the mass, and again extracting with ether. 

If unsaponifiable matter be absent, the total ether residue consists 
of neutral fat ; otherwise the neutral fat is found by difference, or may 
be found in a direct manner by isolating the fatty acids and calculating 
their amount to glycerides. 

A complication arises if the soap contain wool wax. If the presence 
of the latter be suspected, the ether residue should be saponified with 
dilute alcoholic, potash on the water-bath, so as to obtain part, of the 
wool wax as unsaponifiable matte] 1 , which can then be examined and 
identified. 

3. Unsaponifiable Matter. -This is isolated and estimated together 
with neutral fat as described above. If no neutral fat has been found, 
the total ether residue consists of unsaponifiable matter. This is 
examined as described Vol. I. Chap. IX. 

In addition to the substances mentioned in Vol. I. Chap. IX. the 
presence of vaseline, paraffin oil, oil of turpentine, tar oils, naphthalene, 
petroleum hydrocarbons, hydrocarbons from “distilled grease,” etc., 
may be suspected. 

Carnaiiba wax, stated in some text-books as lining usually admixed 
with soaps in or(|er to render possible the incorporation of large pro- 
portions of paraffin oil, is not used in practice, as the same object can 
be attained by cheaper methods. 

The examination of the fatty acids themselves, after separation 
1 8e if em inter Zeit., 1913, 1233. 
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from oxidised acids (if any), rosin acids, neutral fat, and unsaponifiable 
matter, with a view to determining the nature of the “ stock,” is a 
complicated problem, requiring systematic application of the methods 
described in the first volume of this work. 


(e) Substances insoluble in Alcohol 

The estimation of all those substances which are insoluble in 
alcohol is conveniently combined with the determination of free caustic 
alkali (see p. 347), by collecting the insoluble matter on a fared filter 
previously dried at 100° G 1 ., and weighing after drying at 100° C. 

Good soaps yield but insignificant amounts of residue. Only trans- 
parent soaps manufactured by the “ alcohol process ” will be found 
absolutely free from insoluble matter. 

The residue obtained on the filter may consist of — 

1. Water-soluble substances, such as chloride, sulphate, carbonate, 
silicate, or borate of the alkalis. 

2. Mineral substances insoluble in water, viz. colouring matters 
and “ iilling ” and “ weighting ” substances. 

3. Organic substances, especially starch, dextrin, or gelatin (carra- 
gheen mucilage, casein or vegetable meal). 

1. Water-soluble Substances. The residue on the filter is washed 
with cold water so as not to dissolve any gelatin that may be present. 
Presence of silicate, (if any) will have been noticed already in the 
determination of fatty matter when decomposing the soap by acid (see 
above under (a)). If the silica has not been estimated in the same 
portion in which the amount of fatty matter has been ascertained 
(provided no other water-insoluble substance be present), it can be 
determined at this stage by acidifying the filtrate with hydrochloric 
acid after the total alkali present in it has been determined by titration, 
see (b) 3, and evaporating to drynessin the usual manner. The filtrate 
from the separated silica may be tested for boric acid. 

If boric acid be absent, the amount of carbonate plus silicate can 
be calculated from the alkali found bv titration, the silica having been 
found direct by weighing. If boric acid be present and the proportion 
of borate be required, the water-soluble portion is best divided into 
three parts. In one portion the carbon dioxide is estimated, in a second 
portion the silica, and in the third the total alkali is determined by 
titration. Boric acid is determined in a direct manner, as in dry soap 
powders, by titration with alkali in the presence of glycerin. 1 

Chlorides and sulphates are best determined in aliquot portions of 
the acid liquor, obtained after separating off the fatty matter as de- 
scribed in (a). It should be remembered that for the present purposes 
nitric acid must be employed for decomposing the soap. 

2. The water-insoluble portion is ignited, so as to burn off organic 
substances, and the residue is weighed. The ash is examined qualita- 
tively and quantitatively in the usual manner. 

1 Cp. Jacobi, Seifen.rieder Zeit. } 1910, 1230 ; also Poctschko, ibid., 1914, 899. 
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3. Organic Substances. — The microscopical examination of the 
total residue insoluble in alcohol may furnish useful indications. Thus 
starch will be detected ; the microscopical examination may be corro- 
borated by testing with iodine. If the quantitative determination of 
starch be required, the alcohol-insoluble residue on the filter is washed 
with cold water to remove water-soluble substances and dextrin , and 
boiled with dilute sulphuric acid, replacing the water as it boils away in 
order to convert the starch into glucose. The liquid is then neutralised 
with barium carbonate, filtered, and the amount of glucose estimated 
by titration with Feh ling’s solution in the usual manner. 

Dextrin has been washed out by cold water simultaneously with 
the soluble salts. The proportion of dextrin is estimated by precipitation 
with alcohol. This is done best in a small beaker, tared with a glass rod. 
The liquid is stirred vigorously, so that all the dextrin is made to adhere 
to the sides of the beaker. The aqueous liquid is then poured off, the 
dextrin washed with alcohol, and its amount determined by weighing 
the beaker after drying at 100° 0. 

Gelatin is dissolved by washing the alcohol-insoluble residue with, 
hot water. The filtrate should be tested with tannic acid to corroborate 
the presence of gelatin. 


(/) Other Substances occurring in Soaps 

1. Glycerol. — The minute quantity of glycerol left in hard soaps, 
made by the “ hot process,” can only be determined accurately if a 
large quantity of soap be employed. The glycerol passes into the 
aqueous liquid on decomposing the soap with mineral acid, and is 
determined as described under estimation of glycerol in spent soap- 
lyes (see below). In the case of a soap made by the “ cold process,” 
about 5 per cent of glycerol will be found. The absence of glycerol 
from soft soaps will prove*, that fatty acids have been used as ‘‘ stock.” 

Considerable quantities of glycerol are intermixed with certain 
toilet soaps made by the milling process. On account of its cosmetic 
properties such glycerol must be considered to be a valuable ingredient 
of these soaps. The glycerol is determined by dissolving the soap in 
water, separating the fatty matter by a mineral acid, and filtering off. 
The filtrate is neutralised with barium carbonate, and boiled down to 
the consistence of a syrup. JFhe residue is then extracted with a 
mixture of three parts of 95 per cent alcohol and one part of ether, 
the alcoholic solution is filtered and evaporated on the water-bath to a 
small bulk, and finally dried under a desiccator. The glycerol in the 
crude glycerin thus prepared is determined by the acetin process 
(Vol. I. Chap. VI. ) % . 

If sugar be present in a soap conjointly with glycerol, as in cheap 
transparent soaps, the sugar must be first removed (cp. below). 

2. Sugar is found to a considerable extent (up to 25 per cent) in 
cheap transparent soaps. The determination of the saccharose is best 
effected by boiling the filtrate (or a measured portion of it) obtained 
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in (a). with dilute sulphuric ncid to invert the sugar completely, render- 
ing alkaline, and heating with F elding s solution after previous dilution 
so as to prevent oxidation of glycerol. The separated cuprous oxide 
is estimated in the usual manner and calculated to saccharose. ‘If 
a considerable quantity of sugar be present, it may be determined 
poiarimetrically. 

If glycerol and sugar be present conjointly, separation is effected, 
according to Donat h and Mayrhofer} by adding to the solution sullicient 
slaked lime to combine with tin*, sugar present, admixing an equal 
quantity of washed and ignited sand, then boiling down to the con- 
sistence of a syrup, pulverising the residue after cooling, and exhausting 
in a corked flask with 80-100 c.c. of a mixture of equal volumes of 
alcolyol and ether. The solution will then contain the glycerol (free 
from sugar), and this may be estimated as described under 1. 

3. Carbolic Acid.- The determination of u carbolic acid ” (phenol 
and cresols) in carbolic soaps 1 2 * is carried out with sufficient accuracy 
by the following method (Lewkowitsch ) : — 

Weigh off a somewhat large, amount of the sample, about 100 grms., 
dissolve in hot water and add sufficient caustic soda to render the 
solution strongly alkaline. Then throw up the soap with common 
salt, filter off the curdy soap, and wash it with saturated brine. Boil 
down the solution which contains the phenol and cresols as sodium 
carbolate and cresylates, and precipitate any retained soap in the. same 
manner. Filter again, boil down to a small bulk, and transfer the 
solution to a stoppered graduated cylinder of 50 or 100 c.c. capacity, 
add sufficient salt so that some remains undissolved, and acidify with 
sulphuric acid. The volume of the separated phenols is then read off 
and the number of c.c. taken as so many grammes. 

Rapp* mixes 20 c.c. of cresol soap with 40 c.c. of glycerin and 
distils over 30 c.c. into a graduated cylinder, the temperature being 
kept below 280° C. The distillate is shaken with an equal volume 
of 66 per cent sulphuric acid, and after allowing to stand the volume 
of the cresol is read off. The soap solution remaining in the flask is 
decomposed with an excess of standard sulphuric acid, when the fatty 
acids and alkali may be determined in the usual manner. 

If greater accuracy be required, as is especially the case in soaps 
made with addition of pure carbolic, acid— phenol— the separated 
“ carbolic acid ” is brought into ethereal solution and recovered after 
distilling off the solvent. The phenol ^and cresols may then be deter- 
mined bv Koppeschaar's method. 4 In the case of soaps made with 
crystals of phenol the last-named method should be applied on account 

1 Zeifs.f. anal ift. Che in. xx. 383. 

2 With regard to the bactericidal action of carbolic acid, cp. Rapp, Apotheker Zeit., 
1908, 737. 

Apotheker Ze.it., 1909, No. 70. 

4 J. ] loiter, Veriijf. Militiir. Sanitatsw. Med. Aht. d. Prenen. Krieysminid., 1908, 
73. Tlie objections raised against the correctness of Koppeschaar’s method by Lloyd 
(. Journ . Anar. (them. Roc., 1905 (27), 16) have been shown to be groundless by S. C. J. 
Olivier, Rec. des trav. chivi. des. Pays- lias, 1909, 354. Cp. also Autenrieth and 
Beuttel. Redman, Weith and Brock, .fourth hid. Kng. Client ., 1913, 389. 
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of the considerable solubility of phenol in a salt solution. As a rule 
much smaller quantities of soap will suffice for the analysis. 

4. Alcohol. The determination of traces of alcohol left in trans- 
parent soap made by the alcohol process will be but rarely required. 
In the case of soaps with which considerable amounts of alcohol are 
incorporated 1 the alcohol is determined by distilling a weighed quantity 
of soap in a current of steam. If frothing cannot thus be prevented, a 
weighed quantity of soap is decomposed with sulphuric acid, the fatty 
acids are separated off by filtration, and the filtrate is distilled. From 
the specific gravity of the first 50 c.o. of the distillate and, if need be, 
from that of a second fraction, the amount of alcohol can be readily 
found. 

5. Formaldehyde. — Formaldehyde which has been added to 
medicated soaps (cp. p. 337) may be determined by the following 
method (Allemann 2 ) : 50 c.o. of the soap solution are diluted with 
about 200 c.o. of water. A slight excess of sulphuric acid is added, 
followed by barium chloride solution, and the whole diluted to 500 c.c. 
To 5 c.c. of the filtrate 10 c.c. of , l (T normal iodine solution is added, 
and a concentrated solution of caustic soda added drop by drop until 
the colour changes to bright yellow. The mixture is then allowed to 
stand for ten minutes, acidified with sulphuric acid and the excess 
of iodine titrated with sodium thiosulphate solution. Free oxygen 
due to the presence of per salts may be determined by the methods 
of Archbutt 3 and (4 row maun* 

Saponins may be approximately determined by decomposing the 
soap with sulphuric acid and removing the fatty acids by means of 
ether. The acid liquid, after neutralisation with caustic soda, is 
evaporated to dryness and the residue extracted in a Hoxhlet with 
absolute alcohol. The alcoholic solution contains the saponin together 
with any glycerin which may have been present in the soap. The bulk 
of the alcohol is distilled off and the saponin precipitated with a solution 
of barium hydrate. The precipitate is washed with the barium hydrate 
solution to remove the last traces of glycerin. It is then suspended in 
water and decomposed by a current of carbon dioxide. The aqueous 
solution contains the saponin, and after filtering off the insoluble barium 
carbonate it is evaporated to dryness and the residue weighed. 

For the determination of active oxygen in soap powders, due to the 
presence of per salts (perborates, etc.), the following method may be 
employed : 1 grm. of the dry soap is weighed off and dissolved in 200 c.c. 
of water, 10 c.c. of sulphuric acid (1:2) aro added, followed by the 
addition of an excess of a standardised solution of ferrous ammonium 
sulphate. The mixture is boiled for half an hour while a current of 
carbon dioxide is parsed through. After allowing the solution to cool 

1 Cp. U. Adam, English patent 2343, 190(5 (Falck) ; German patent 149,793 (Wolff). 

2 Zeits, f. anali/t. Client. t 1910, 265. 

3 Analyst, 1895, 3. 

4 Cheat. Zeit. , 1905, 137. Cp. also Pfyl, Arb. a. d. Kais. Gemndhcitsamte , 1909, 
xxx. 87 ; Bosshard and Zwickv, Zcits. /'. anyew. Che.ni., 1910, 1153. 

VOL. Ill 2 A 
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in a current of tlie gas, the excess of iron salt is titrated with decinormal 
potassium permanganate solution. 1 

6. Colouring matters in soaps cannot be considered as illegitimate 
admixtures, as coloured soaps are demanded in commerce. Provided 
the colouring matter be harmless, no objection can be raised. The 
analyst will, therefore, at most, only be required to state whether 
certain colouring matters contain poisonous metals or not. 

7. Ethereal oils in soaps have almost become a necessary ingredient, 
even in better class household soaps. Their quantity will naturally 
be very small, and need not, as a rule, occupy the attention of the 
analyst. 

Special methods must be worked out in each individual case for 
the detection, and, if need be, for the estimation of other substances 
put into soap, such as mercuric iodide, 2 or zinc, peroxide, 3 or bismuth, 4 
or formalin in antiseptic soaps. 

It. is impossible to obtain reliable statistical data as to the pro- 
duction of soap in this country. A careful estimate made by the author 
would show that the quantity of hard soaps (toilet, laundry, household, 
and textile soaps) produced amounts to over 400,000 tons per annum. 
To this must be added about 1000 tons of soap powders per week. 

Most of the soap is consumed at home ; the quantities exported 
(see p. 9) represent therefore a small fraction of the total production. 

With regard to mft map it is still more difficult to give reliable 
data. A fairly accurate estimate would place the total make per 
annum for England and Ireland at 10,000 tons, and for Scotland at 
approximately 8000 tons per annum. 

According to the Census of the United States for 1905 and 1910, the 
quantity of materials used in the manufacture of soap and the quantities 
and values of the products obtained in those years were as follows : — 


1 Wittels and Welwart. Cp. also Fairer, Jonnt, Sac. Dyers and Colourists, 
1910, 81. 

2 Cp. A. Siedell, Journ. Aincr. Chan, b hr., 1900, 73. 

3 Cp. German patent 157,737. 

4 English patent 23,111, 1909 (E. Weyner). 


[Table 
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1905. 

1010. 

1905. 

1910. 


Lbs, 

Lbs 

Value 

Value 

• 



Dollars. 


Materials used, total cost 



43,025,608 

72,179,418 

Tallow, grease, etc. 

475,618,277 

41 3,909,787 

19,723,3 LI 

23,341,905 

Cocoa nut ami palm kernel oils 

62,181,501 

11,856,337 gals 

2,092,034 

5,875.294 

Cotton seed oil 

120,811,054 

24,221,712 gals. 


9^ 7 18,988 

Palm oil 

4,090,359 




Olive oil 

5,480,471 




Castor oil 

757,216 




Turkey red oil, distilled and 





saponified .... 

4,419,827 




Other oils 

8,069,524 




Rosin 

168,107,246 

207,296,447 


4,362,412 

“ Foots ” 

59,761,740 

91,050,892 


2,453,609 


909,903,815 lbs. 





406,297 (long) tons. 




Petroleum products, gallons 

4,277,289 


218,798 


Caustic soda, tons . 

71,551 

52,172 


2,212,232 

Soda ash, tons 

53,777 

121,016 


! 2,281,787 

“ Mineral fillers,” lbs. . 

31,075,233 


238,393 

! 21,933,191 

All other materials . . i 


i :: 



Products, 1 total value . 

i 


68,274.700 

111,357,777 

Tallow soap .... 

1 816,753,798 

859,297,507 

32,610,850 

88,550,803 

Oleine soap .... 

! 29,363,376 

32,832,647 

1,363,030 


1 ” Foots ” soap 

85,000, 1 33 

1 151,063,102 

3,090,312 


i Toilet saps, including medi- 


1 



cated, shaving, and other 


1 



special soaps 

130,225,417 

1 93,823,149 

9,607,276 


l Powdered soaps 

120,624,968 

! 275,745,585 

4,358,682 


j All other kinds 

1 43,390,957 

323,978,170 

0,097,670 


1 Soft soap 

i 33,613,416 

44,052,615 

667,004 

913,076 

1 Special soap articles 



554,881 

' 733,823 

1 

I 1,388,972,065 


1 20,025,07 1 


1 

620,077 (long) tons. 

i 



1 Glycerin 

; 27,660,661 

39,689,300 

2,958,105 

I 5,713,558 

j All other products . 



7,216,154 

15,417,890 


I 


The approximate consumption of soap per head of population is 
given in the following table due to Krebitz : — 


Russia 

2-7*3-9 lbs 

Roumania 

4*8 

Denmark 

8-8 

Germany 

8-0-10-0 , 

Norway 

. 1 1*0 

Italy . 

. 11-6 

Sweden 

. 13-2 

Belgium 

. 13-2-14-9 , 

Holland 

. 13-215-4 , 

Switzerland . 

. 13-2-15-4 , 

United States # . 

. 15-0 

France 

. 17-6 


The amount of soft soap made in the United States of America in 
1909 was about 41 million pounds. 

For other countries not even approximate data are available ; but 
the consumption of*soap reckoned per head of population is certainly 
much smaller in other countries than in this country and in the United 


1 Products consumed in establishments where produced were : Turkey red oil, 
1,149,346 gulls. ; tallow, 10,913,271 lbs. ; cotton seed oil, 920,110 galls. ; caustic lye, 
30° B., 9,568,532 galls. ; sodium silicate, 1,597,886 lbs. ; glycerin, 3,433,389 lbs. ; framed 
soap, 114,452,424 lbs. 
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States of America. France in 1898 has produced 300,000 tons of soap 
of which only 30,000 tons were savon bleu pdk et ,bku vtf- Marseilles 
produced 146,000 tons. 


(2) SALTS OF THE ALKALINE EARTHS AND HEAVY METALS- 
WATER-INSOLUBLE SOAPS— METALLIC SOAPS 

The insoluble soaps of the individual fatty acids as far as they 
have hitherto been obtained in a state of purity are described in Vol. I. 
Chapter III. 

The soaps to be considered here are prepared by double decom- 
position of thevalkali soaps with aqueous solutions of salts of the alkaline 
earths or metals, or by heating the free fatty acids witli the oxides or 
carbonates of the metals. 1 

These soaps are employed in the arts for the most varied purposes. 
Their property of dissolving, to a considerable extent, in petroleum 
ether, heavier petroleum hydrocarbons, coal-tar oils, naphtha, oil of 
turpentine, carbolic acid, 2 and fatty oils 3 facilitates their application 
in the arts. The solubility of the soaps in the solvents named is in- 
creased by the presence of free fatty acids. 4 

Fay and Hamilton 5 state that the stearates and oleate • of calcium 
iron, aluminium, zinc, copper, and lead are insoluble in cold linseed oil, 
turpentine and petroleum, but dissolve to a clear solution in the hot. 

Magnesium Oleate. -A solution of this salt in petroleum ether is 
added to the organic solvents employed in the process of dry-cleaning 
silk goods, to prevent spontaneous conflagration when the silk goods are 
taken out of the solvent (as the magnesium oleate increases the con- 
ductivity of the solvent to such an extent that generation of electric 
sparks is prevented). 

This salt is sold on the Continent under the name “ antibenzinpyrin ” 
or “ richterol.” ft may, however, be added that the above-mentioned 
dry-cleaning soaps (see p. 340) alone are capable of preventing spon- 
taneous ignition through electrical sparks. 6 The magnesium salt of 
dibromobehenic acid is used as a substitute for potassium bromide. 

Strontium soaps. —The strontium salt of a dibromobehenic acid is 
used in pharmaceutical practice as a substitute for potassium bromide. 

Lime soaps are extensively employed in the manufacture of solid 
lubricants (see above) and, together^ with magnesium and aluminium 
soaps, for waterproofing textile goods. 7 

1 With regard to the metallic salts of naphthenic acids, see PyhiiUi, Petroleum, 1908, 
1313. 

- German patent 148,794 (Raupenstranch). 

3 The solubilities of the metallic soaps of linseed oil have been studied by Vulte and 
Gibson. Journ. Airier. Clwn. Soc. t 1902, 215. It maybe fulded that calcium “lin- 
oleate” ( i.e . the calcium salts from the mixed fatty acids of linseed oil) is soluble in 
alcohol. 

4 For calcium salts of substituted fatty acids cp. p. 296. 

■ r ' VIII. International Congr. of Applied Chenu, 1912, vol. xi.. section v. d. p. 11. 

8 Cp. Gohring, Verein zur Jlefiirderung des (Jewerhejfdmx, February 1908. 

7 For the solubility of calcium soap in ammonium citrate cp. J ustin Muller, Chern, 
Zeit., 1904, 1149. 
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Aluminium soaps enter into many compositions for waterproofing 
textile goods and papers, for preparing substitutes for leather, celluloid, 
india-rubber substitutes for insulating purposes, etc. 1 A solution 
of aluminium oleate in benzene is sold as crystal or paper varnish. 
Aluminium oleate especially is used as an “ oil thickener ” (see above, 
p. 83). 

Lead and manganese soaps are used as k ‘ driers ” in the manufacture 
of boiled oils and varnishes (c.p. p. 135). 2 

Lead plaster consists chiefly of lead oleate. Ijcad plaster prepared 
from oleic acid is completely soluble in oilier, whereas plasters made 
from natural oils and fats yield an ether-insoluble residue consisting 
of the lead salts of the saturated fatty acids. 

Zinc, 3 iron, nickel, cobalt, and chromium soaps are employed in 
the manufacture of coloured varnishes, as also for water-proofing 
leather, canvas, etc. Copper and mercury soaps are used in the pro- 
duction of anti-fouling preparations, especially in the manufacture of 
paints for ships’ bottoms, 4 and added to ordinary soda soaps as anti- 
septics. Copper soap in colloidal form, prepared by mixing equal 
volumes of a 1 per cent solution of copper sulphate with a 4 per cent 
solution of a neutral soap, is used as a fungicide. 5 The metallic salts of 
naphthenic acids have also been prepared. 0 

In this class of soaps must be also included the metallic rosinates. 7 
Lime rosinate is employed in the manufacture of solid lubricants, and 
aluminium rosinate 8 as a size for paper and for waterproofing materials. 9 
Solutions of manganese rosinate and lead rosinate. in warm linseed oil 
are used as liquid driers (op. p. 13G). Copper rosinate, like the copper 
salts of fatty acids, is used as a rust preventative and for painting ships’ 
bottoms. Cobalt and gold rosinates are easily soluble in lavender oil ; 
the solutions are used for painting on porcelain, when, on “burning ” 
the painted porcelain, cobalt oxide and gold respectively remain behind. 
With regard to zinc, rosinate see Chapter XVI., “ Waste Waxes.” 

The metallic rosinates dissolve, more readily in light coal-tar hydro- 
carbons than in petroleum ether. 10 The dissolution of metallic rosinates 

1 Cp. Thornton and Rothwell, English patent. -1237, 1899 ; German patent 117,878 ; 
E. Agostini, French patent 3(51,772. Cp. also tier man patents 198,911 (C. O. Suavely), 
190,817 (R. Keister) ; German patent application 13,959, 1909. 

2 For their use iu the manufacture of campheiie from pinene hydrochloride cp. 
English patent 19,900, 1900. 

3 Cp. French patent 332,788 (Bonne^lle ct Cie) ; French patent 368,7;>5 (Leccsne.) ; 
German patent 191,720 (A. Fliiger). 

4 Nordlinger (German patent 108,011) claims the metal salts of the volatile acids 
from acetic acid up to capric acid as admixtures to heavy tar-oil for impregnating, 
preserving, and disinfecting. 

8 Vermorel and Dantony, Compt. mid., 1911 (192), 1203. 

(1 Ubhelolule, German patent 201,070. 

7 Pardeller, Seifensielfer Ze.it., 1909, 1337. 

8 Cp. German patent 118,307 (Peniukofl). 

9 Hu wart, Trnmu.r. dc la Station de Ilerkerches relatives d la pkhe maritime d 
Ostende , 1908, 30. 

10 The solution of metallic rosinates iu coal-tar hydrocarbons may be diluted with 
light petroleum spirit, which assists in tho drying of the rosinates. Truehot, Jovrn. Son. 
Chem. hid., 1897, 449 ; cp. also Bottler, Cheni. Revue, 1910, 292. 
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in coal-tar naphtha is assisted by dissolving in the naphtha a quantity 
of rosin equal in amount to that existing in the rosinates. (This holds 
especially good of mercury rosinate.) By this means any free hydrate 
or carbonate of the metallic base is neutralised. 1 

In the analytical examination, the water-insoluble soaps are decom- 
posed by means of a suitable mineral acid (hydrochloric, nitric, 
sulphuric), when the fatty acids are obtained as an oily layer, or if 
the salts be decomposed under ether (which in many cases is the most 
advisable course) in ethereal solution, and the metal passes into the 
acid solution. Both the fatty acids and the add liquor are then 
examined in the usual way. 


IV. GLYCERIN MANUFACTURE 

Whereas the chemically pure substance described in Vol. T. Chapter 
III. is termed “ glycerol,” those commercial products which contain 
glycerol in a more or less pure state arc best comprised under the name 
“ glycerin.” 

It has been pointed out already that glycerin is a by-product of 
the stearine- candle and soap industries. It is obtained in dilute 
aqueous solutions, which contain various impurities, the nature, and 
quantity of which depend on the manufacturing processes. The 
purest raw material results from saponification by means of lime in 
open vessels (p. 207 and p. 321) ; hardly inferior to this is the glycerin 
obtained by “ autoclaving ” (p. 200 and p. 201 ). Less pure is the raw 
material recovered from the acid saponification processes (p. 225), 
TiviteheWs process (p. 202), and the “ ferment process ” (p. 202). The 
crude glycerin obtained from soap lyes, notwithstanding its high pro- 
portion of inorganic salts, may surpass in quality (i.e. as regards the 
amount of organic impurities), the crude material from the last-named 
processes, but if fats and oils of low quality have been saponified by 
means of black-ash lyes it may be still more impure. Modern processes 
of refining have, however, overcome a number of difficulties caused by 
the various impurities, so that, e.g., chemically pure glycerin from good 
soap lyes cannot be distinguished from glycerins obtained by lime 
saponification. Crude glycerins vary in quality in accordance with the 
care exercised in the manufacture. Crude glycerins obtained from 
the acid saponification, the Ttviichellfdn d the fonnent processes, retain 
very tenaciously some organic impurities which hitherto seem to have 
defied all attempts to remove them, as the writer has ascertained in the 
case of a number of “ chemically pure ” glycerins originating from these 
processes. » 

t 

The several commercial crude glycerins are obtained by concen- 
trating the aqueous solutions of glycerol after they have been subjected 
to suitable purification. 

1 With regard to mixed fatty acid salts and rosinates cp. French patent 385,002. 
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1. CRUDE GLYCERIN 

The composition of commercial crude glycerins varies considerably 
with the process of saponification from which they originate. Up to 
the appearance on the market of crude glycerins from the Twilchdl 
and the ferment processes, the following three commercial qualities 
were distinguished : — Crude saponification glycerin, crude distillation 
glycerin, and soap-lyo (soap crude) glycerin. The crude glycerins 
horn the Twitchell and the ferment processes are offered in commerce 
as “ saponification glycerin,” but as this denomination would appear 
to clothe them with the attributes of a higher quality than they actually 
represent, the author considers them separately under the description 
of “ Twitch'll crude glycerin ” and “ Fermentation crude glycerin.” 



(1) Crude Saponification Glycerin 

This glycerin represents the best quality of the crude glycerins. 
It is obtained from the “ sweet water ” (“ petites eaux de stearin eric ”) 
of the autoclave processes, and as a by-product in the process of soap- 
making by double decomposition. 1 

According to the amount of water charged into the autoclave, and 
to the quantity of steam sent into the autoclave during the saponifica- 
tion process, the proportion of glycerin in the “ sweet waters ” varies 
from 6 to 16 per cent. The metallic oxides contained in the ” sweet 
waters” are neutralised, and tfie filtered solution is concentrated by 
means of steam, either in a Wetzel pan (shown in Fig. 23), or, as is done 
in modern works, in a vacuum evaporator of a type identical with those 
shown in Figs. 24-27. According to the quantity of salts which separate 
when the bulk of water has been driven off, a vacuum evaporator either 
of the type A or type B, Fig. 27, is used. The evaporation is carried 

1 Vogt, Belgian patent 2-11,178, 1911 ; French patent 437,414. Joseph Kellner 
claims (German patent 208,806) the working up of the glycerin waters resulting from 
the treatment of the fatty acid layer (see p. 214) with dilute acid with a view to 
recovering the bases, as also the glycerin, contained therein. Of course these acid 
waters have never been wasted as the patentee appears to assume. 
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on until the crude glycerin contains about 85-30 per cent of glycerol. 
Its specific gravity is then from 1*240 to 1*242, corresponding to the 
commercial brand of “ 28° Be. saponification crude ” or “ candle 
crude ” glycerin. The colour of this glycerin varies from yellow to dark 
brown : its taste is sweet. With basic lead acetate it gives but a slight 
precipitate. By refining this crude glycerin with charcoal, a “ refined ” 
glycerin (used for a number of commercial purposes) is obtained. This 
crude glycerin contains up to 0*3 per cent of ash. 1 chiefly calcium (or 
magnesium or zinc) sulphate, and small quantities of organic impurities. 

The valuation of this crude glycerin is based on the determination 
of the pure glycerol, the ash, and the organic impurities. The taste 
and smell should not he objectionable. 

The percentage of glycerol is best ascertained by the acetin process. 
The oxidation methods, especially the bichromate method, are apt to 
lead to too high results (cp. Yol. I. Chap. VI.), especially if the glycerin 
contain any organic impurities which are not removable by the method 
of purification described below. Hence, although in some cases the 
acetin method and the bichromate method may lead to practically 
identical results, in most cases the determination by the bichromate 
method gives too high numbers, as is shown by the following 
table : 2 


Comparison of the Acetin and Bichromate Methods ( Lewkuwitsch ) 


Saponification Crude. 

Acetin Method, 
l’er cont. 

Bichromate Method (Purified 
with Copper Sulphate). 

Per cent. 

1 

&9’91 ; 9079; 90-43 

93-68 ; 91-21 ; 94-71 ; 91*90 

2 

90-09 ; 90-74 

92-70; 93-08 

3 

94-02 ; 94 1 2 

97-21 ; 97-94 

4 

85-23 ; 85-42 

86-72 ; 86-41 


The ash is determined by heating a few grammes of the sample in 
a platinum dish, and weighing the residue obtained on incineration. 
The organic imparities may either consist of fatty acids which 
have not been completely removed, or of other organic substances, 
the nature of which has not yet been defined. Fatty acids are detected 
by diluting one part of crude glycerin, .with three parts of water, and 
adding strong hydrochloric acid. A turbidity points to the presence 
of fatty acids. The organic impurities are determined quantitatively 
by allowing a few grammes to evaporate slowly at 160° C. The residue 
is then weighed, and the weight of the ash found on incineration is 
deducted (cp. p. 373). The amount of organic residue gives a 
fair indication as to the care with which the glycerin has been 

1 Glycerin obtained from bone fats extracted by means of carbon tetrachloride are 
stated to contain exceedingly high proportions of ash, even if the fatty material was 
carefully purified, previous to being autoclaved (Seifenaicder XtuL, 1907, 1910). 

a Lewkowitseh, Analyst , 1903, 104. 
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manufactured. As a rule the quantity of organic impurities lies below 
1 per cent. 

The test for arsenic (see below) completes the chemical examination 
of the crude glycerin. 

The “ sweet water ** obtained in the process of soap-making by 
double decomposition is treated in the same manner as is described 
above, and yields a good saponification crude, which is equal in quality 
to a “ candle crude," provided that the original fatty matter was of 
good quality. As this process, however, is used in small works only, 
where chiefly low quality greases are worked up, the crude glycerin 
obtained therefrom is high in ash, and is apt to contain a considerable 
amount of organic impurities, so that such crude glycerin is liable to 
ferment when stored ; indeed, within the author’s experience such crude 
glycerins did ferment. Samples of crude glycerin of this description 
examined by the author gave the following results 

(Specific Gravity . . 1-2527 1-24(54 

Ash .... 5-008 per cent 1-775 per cent 

Glycerol . . .77-1 „ 84-5 1 „ 

The fact that this crude glycerin fermented would show that the organic 
substances in low-class greases are not destroyed by treatment with lime. 
By fermentation trimethyleneglycol is formed. 


(2) Crude Distillation Glycerin 

This glycerin is recovered from the acid waters resulting in the 
acid saponification processes, and is termed in commerce crude dis- 
tillation ( fhfceriu , for the reason that the fatly acids obtained by this 
process must be distilled to yield candle material. The dilute glycerin 
waters are worked up in the same manner as is described under (1), 
but owing to the large amount of sulphuric acid used in the process, a 
considerable amount of salts remains in solution after neutralisation 
of the mineral acid with lime. With the progress of concentration, 
especially when the crude glycerin approaches the specific gravity 
1-240, sulphate of lime (which is no longer held in solution) drops out 
and is deposited on the heating surface of the evaporating apparatus 
in the form yf a hard crust, w]*ieh rapidly diminishes the evaporative 
power of the steam unless the calcium sulphate is removed. Hence, 
ordinary tube evaporators, such as are represented by vessel B in Fig. 27, 
arc useless for concentrating the dilute solutions, and a type of evaporator 
must be employed which permits the heating surface to be continuously 
scraped so as to be kept clean and free from deposit. Such an evaporator 
is shown in Fig. 2t, the inner construction of which is exemplified by 
the Figs. 25 and 26. 

The finished crude glycerin contains considerable proportions of 

1 This number was obtained by the acetin method ; as the crude glycerin contained 
trimethyleneglycol, the proportion of true glyeerol must have been lower. 
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calcium sulphate, the solvent power of glycerol for calcium sulphate 
(Vol. I. Chap. III.) being apparently increased by the organic impurities 
which the crude glycerin retains. The ash of crude “ distillation 
glycerin,” therefore, amounts to as much as 2 and even 3*5 per cent. 
Also the amount of organic impurities is greater than in crude “ saponi- 
fication glycerin ” ; it may rise to even 2 per cent, the amount depend- 
ing on the lack of care exercised in the manufacture. The colour of 
this crude glycerin is usually pale yellow ; its taste is sharp and 
astringent, and it emits an unpleasant smell when rubbed between the 
hands. A voluminous precipitate is obtained with basic lead acetate ; 
on addition of hydrochloric acid a turbidity appears, due to the presence 
of fatty acids. 

This crude glycerin has the same, specific gravity as has saponifica- 
tion glycerin, viz. 1*240— 1-242, and contains, as a rule, from 84 to 86 
per cent of glycerol. It is known in commerce as “ distillation glycerin, 
28° Be.” 

The glycerol in this glycerin should be determined by the acetin 
process and not by the bichromate method. The differences in the 
percentage, as obtained by the two methods, is greater than in the case 
of saponification crude, owing to the larger amount of organic im- 
purities. This is specially shown by a few examples reproduced in the 
following table (Lewkomtsch 1 ) : — 


Comparison oj the Acetin and Bichromate Methods ( Lewkowitsch ) 


Crudo Distillation 
Glycerin. 

Acetin Method. 

Per cent. 

Bichromate! Method (purified 
with Copper Sulphate). 

Per cent. 

' 

l 1 1 

86*26 ; 86*16 ; 86*22 

89*70 ; 89*22 


83*51 ; 83*68 

89 * 44 ; 89*73 

3 

83 * 1 ; 82*98 

83 * 9 ; 83 * 56 ; 83*52 


The ash is determined by the method described above (p. 360). 
The organic impurities arc best determined by the International Standard 
Method. Arsenic is detected as described below. 

(3) Twitchell Crude Glycerin 

This crude glycerin is obtained from the acid water resulting in 
TwitcheWs saponification process (cp. p. 292), The glycerin waters 
are treated with lime, or barium hydrate or barium carbonate, so as 
to precipitate the dissolved sulphuric acid as completely as possible. 
The purified liquors are concentrated up to a specif c gravity of about 
1-24 or more in the same manner as described above. The quality of 
this crude varies considerably with the quality of the fatty material 
from which it is made. If the raw material is of good quality, the 


Analyst, 1903 , 106 . 
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glycerin is fairly good ; but even in that case, owing to the higher 
amount of ash it contains, and owing to its unpleasant taste, it is valued 
at a somewhat lower price than crude candle glycerin. As an example 
may be given the analysis of a crude glycerin of this description examined 
by the author : — 

Specific gravity . . 1-2390 

Glycerol . . . . .84-8 per cent. 

Ash 0-52 „ 


In candle works this process is mostly applied to low-class fats, such 
as “ greases ” (Chap. XVI.), and even to “ garbage fats ” (Chap. XVI.), 
as it works most profitably with low-class material containing high 
proportions of free fatty acids. Hence the glycerin obtained from 
such low-class material contains so considerable an amount of organic 
impurities that it cannot be worked up by itself, not even for the 
production of dynamite glycerin. Each special make of such glycerin 
is valued on the basis of the impurities it contains. Thus a commercial 
sample examined by the author may be given here : — 


Specific gravity 
Ash per cent . 

Organic impurities per cent 
Glycerol per cent 


1-2415 

0- 48 

1- 879 
87-22 


(4) Fermentation Crude Glycerin 

The sweet water from the fermentation process is rich in albu- 
minoids and other organic impurities. It. must, therefore, in addition 
to the usual treatment, 1 be filtered over char, which retains the bulk of 
the albuminoids and other organic impurities ; nevertheless, a certain 
amount remains in the glycerin, and consequently the finished crude 
is not only dark in colour, but has also a very unpleasant smell and 
taste, even if made from good raw material (refined cotton seed oil, 
refined linseed oil), and from the “ ferment,” as described above. In 
the infancy of this process the nude glycerin obtained was practically 
unusable. Thus, a sample examined hv the author contained above 
2-5 per cent of ash, and the amount of organic residue exceeded 
3 per cent. Owing to the 'improvements made (cp. p. 294), these 
amounts have been considerably reduced, as is shown by the following 
analysis carried out in the author’s laboratory with a crude glycerin 
made from refined seed oils. 

Specific gravity . .1 -2309 

Ash ...... 0-49 por cent. 

Organic impurities (albuminoids, etc.) . 1*54 „ 


1 The poisonous rioine (Vol. II. p. 394) is stated to he removed completely l»y 
precipitation with lime. Atti d * 7 17. Coiiffrrsso Inter iiaziotude R»ma, 1907. 
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(5) Soap-Lye Glycerin, Soap Crude Glycerin 

The lyes obtained in the soap-making process by boiling glycerides 
in an open pan contain practically all the glycerol which the natural 
oils and fats employed are capable of yielding. According to the 
manner in which the “ changes ” of soap lyes are worked up, the spent 
lyes may contain from 5 to 8 per cent of pure glycerol. Besides glycerol, 
the spent soap lyes hold in solution the common salt used in “ cutting ” 
the soap, and also small amounts of free caustic soda, sodium carbonate, 
soap, and organic impurities. 

The specific gravities of the spent lyes vary, as a rule, from 1-08 to 
M4, according to the amount of salt dissolved in them. 

The value of spent soap lyes depends on their percentage of glycerol, 
and on their comparative freedom from free caustic alkali, sodium 
carbonate, and organic impurities. 

A works' chemist usually determines the proportion of glycerol by 
closely simulating the method of purification and recovery practised 
in the glycerin department of the works. In commercial analysis, 
provided sulphur compounds be absent, 1000 grins, are heated to boiling 
and are acidified with hydrochloric, acid, when fatty acids, etc., separate 
on the top as an oily layer. This is filtered off, the filtrate is made 
neutral and lead acetate is added. The precipitate is filtered off and 
the dear solution boiled down. The salt which separates is scooped 
out with a spoon, and sucked dry by means of a filter-pump. When 
finally only a few e.c. of solution are left, these are added to the salt, 
and the latter is exhausted with a mixture consisting of three measures 
of alcohol (methylated spirit) and one measure of ether. The alcoholic 
filtrate is evaporated down on the water-bath, and the crude glycerin 
thus obtained examined by the acetin method. 

In a factory where the purification of the soap lye is closely 
adapted to the works’ process, the determination may be shortened 
(Lewkowitsch 1 ) by evaporating the ether-alcohol solution on the water- 
bath and then rapidly heating to 150° C., weighing, burning off the 
glycerin, and weighing again. The difference corresponds to the 
contents of pure glycerol. In the author's laboratory, when closely 
following the manufacturing process, this abbreviated method, based 
on a series of experiments carefully checked by the acetin method, 
gives very satisfactory results. 

If but small quantities of soap lye are available, so many grins, 
are weighed off as will approximately correspond to D2 grins, of pure 
glycerol, and the glycerol is then determined by the bichromate method 
in the form given to it by Ilehner . 2 

The following standard solutions are required 

1. Solution of. potassium bichromate containing 74*564 3 grins, of 
Cr 2 0 7 K 2 per litre. The exact oxidising value of the solution must be 

1 Analyst, 1903, 106. 2 Journ. *Sr>c. Ohm. hid., 1889, 6. 

a For O -16 ; K^-39’1 ; 
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checked by titration with a standardised solution of ferrous sulphate, 
or of pure ferrous ammonium sulphate, or of pure iron wire. 

2. Solution of ferrous ammonium sulphate containing about 240 
grins, per litre. 

3. Bichromate solution, ten times more dilute than solution 1. 

The ferrous solution is accurately standardised upon the stronger 
bichromate solution, 1 o.c. of which should correspond exactly to 
0*01 grm. of glycerol. 

The soap lye is slightly diluted, and if it contain notable quantities 
of soap, is acidified with sulphuric acid ; the fatty acids, etc., are 
filtered off and the filtrate is then purified by means of lead acetate, 
or by means of copper sulphate and caustic potash, filtered, and made 
lip to 100 c.c. 

25 c.c. of this solution are then run into a beaker previously cleaned 
with bichromate solution and concentrated sulphuric acid, and 40 c.c. 
of the concentrated potassium bichromate solution are added. As the 
bichromate solution is necessarily a strong one, the measuring must be 
done with the greatest care, and attent ion must be paid to the tempera- 
ture of the solution. The standard solutions are kept at the normal 
temperature by immersing them in a large water -bath during the 
titration. 

12*5 c.c. of concentrated sulphuric acid are added, the beaker is 
covered with a watch-glass and heated in boiling water for 2 hours. 1 
The excess of bichromate is titrated back with an excess of the ferrous 
ammonium sulphate solution, and the excess of the latter is ultimately 
measured by titration with the dilute bichromate solution, using 
potassium ferricyanidc as an indicator. 

If the lyes are properly purified, the acetin method leads to results 
practically identical with those obtained by the bichromate method. 
If, however, the impurities he not completely removed, then here also 
the bichromate method yields too high results. This is clearly shown 
by the numbers given in the following table. Those lyes, the specific 
gravity of which exceeds 1*2, represent partially concentrated lyes ; 
all other lyes are original spent soap lyes. 

1 Richardson and Jalle ( Journ . Sue. Chau. Ind., 1899, 331) consider 20 minutes 
sullieient. They also shorten the process by dispensing with the dilute bichromate 
solution. (!p. also Ranninger {Xeitn. an>/en\ Chau., 1907, 1993). 


[Table 
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Comparison of the Aeetin and Bichromate Methods for determining 
the Percentage of Glycerol in Soap Lyes ( Lewkowitsch ) 





Glycerol. Per cent. 

No. 

Specific Gravity. 

Free Alkali as 
NaoO. 

1000 c.c. 
Method. 

Bichromate Method 
(purified with Copper 
Sulphate). 

1 

1-120 

Per cent. 
2-39 

5 86 

6-62; 6-80 

2 

1T14 

0-58 

7-36 

8-48; 8-43 

3 

1-1216 


5-70 

5-89; 5-81 

4 

1-1025 

0-927 

6'69 

7-45; 7-33 

5 

1-0975 

0-452 

5-90 

5-90; 6-09 

6 

1-1050 

0-678 

5-26 

5-34 ; 5*43 

7 

1-0925 

0*809 

6-10 

5-92; 5-88 

8 

1-1025 

1-6 

5-64 

5-65 

9 

1-095 

0-863 

6-95 

6-92; 6-93 

10 

1-2025 

1-933 

9-75 

9'68 ; 9-67 

11 

1-0925 

0*51 

6-96 

6-95 ; 7-07 

12 

1'09 

0-768 

6'62 

6-78 ; 6-42 

18 

1-085 

0-657 

5-70 

5-42; 5-45 

14 

1-22 


11-57 

12-5 ; 12*6 

15 


0-49 

3-57 

4-59 

16 



7*55 

7*66; 7-69 


Fan to 1 proposed to determine the glycerin in soap lyes by the 
iso-propyl-iodido method (Vol. I. Chap. I.). For reasons detailed 
above, this method cannot be recommended, since soap lyes contain 
large amounts of not readily removable impurities which reduce 
hydriodic acid. 

On the large scale the spent soap lyes are subjected to a process of 
purification consisting in the removal of fatty acids, rosin acids, and 
other organic impurities. In the case of lyes from best materials the 
purified liquor contains salt, small quantities of sodium carbonate, and 
practically pure glycerol. This solution may be evaporated in fire- 
heated vessels or in tube evaporators, such as are used in sugar works, 
until the “ salting point ” is reached, without fear of damaging the 
heating surface by deposition of salt. The “ salting point ” is marked 
by the lyes having acquired the specific gravity of 44° Tw. at 15*5° 0. 
If evaporation is carried beyond this stage, salt is deposited, whilst 
the specific gravity and percentage of glycerol gradually rise. The 
vessels in which the evaporation beyond the specific gravity of 44° Tw. 
is carried on must therefore be provided with suitable stirring and 
scraping arrangements to remove the salt as it separates, all tube 
evaporators being liable to incrustation with salt and gradual stopping 
up of the heating tubes. 

An evaporator which has been found suitable in practice for the 
concentration of lyes up to the finishing point (i.e. until they reach the 
1 Zeits.f. angew. Chem ., 1903, 413. 
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specific gravity of 1*3), and in which incrustation of the healing surface 
does not take place, has been designed by Lewhnvitsch. 1 It is shown 
in Fig. 24. Two types of the internal heating surface are illustrated 
by Figs. 25 and 26. 2 In these evaporators the soap lyes are evaporated 
from the dilute state beyond the salting point/’ the salt which falls 
out being removed by the aid of the vessel fixed at the bottom of the 
evaporating pan. This vessel can be emptied whilst the contents are 
kept continuously boiling. The salt is then washed to recover the 



t Fig/24. 

glycerin. 3 In large installations t he lyes may be concentrated in double 
effet or triple effet vacuum apparatus. A double effet designed by the 
author on the same principle is illustrated by Fig. 27. This shows a 
combination of the tube evaporator B with an evaporator illustrated 
by Figs. 24, 25, and 26. The first preliminary concentration up to 

1 Cp. also Lewkowitsch, “Evaporation in Vacuo, of Solutions containing Soliils,” 
Jouru . Soc. Wan. hid., 1905, 1149. 

* ('{». English patents 28,747, 1897 ; 30,61(1, 1897. 

1 English patent 14,750, 1909. 
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the “salting point” is carried out in vessel B, whilst the further 
concentration takes place in vessel A. 

The finished glycerin— salt crude glycerin, soap-lye glycerin— lias 
a specific gravity of 1*3. It usually contains 80 per cent of pure glycerol 



and about 10 per cent of salts, the remainder consisting of water and a 
small amount of organic impurities. Jt is, however, easy to prepare 
in the evaporators illustrated here crude glycerin containing as much 
as 86 per cent of pure glycerol. 

The salts in crude soap-lye glycerin should consist preponderantly 
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of common salt and small amounts of sodium carbonate. In low 
quality crude glycerins, sodium sulphate, sodium sulphite, sodium 
sulphide, sodium thiocyanate, and sodium thiosulphate are also found. 

The proportion of organic impurities in soap-lye glycerin varies 
considerably, in accordance with the process of purification used, the 



care of the operator, etc. Some commercial glycerins contain less 
than 1 per cent of organic impurities (thus representing a glycerin 
of better quality than “ distillation glycerin,” “ Twitchell crude glycei in, 
and “ fermentation glycerin ”) ; others, again, contain large quantities 
of impurities, consisting of fatty acids, rosin acids, and further of 
albuminoid substances/gelatin, and hydrocarbons (from bone fat). 
The organic substances in crude glycerin may givo rise to fermentation 
on storing, so that, amongst other impurities, trimethyleneglycol will be 
VOL, lit w 15 





„0 ,ECroOU)GV OF 

distillation. In °^ iel eTn , , ^ distillate from some impute 

££ *- *“ <— - 
*— " I* >** "' 



Fil!. 27. 


x it» 2 The taste, of good specimens is 
lack, according to its state of pm^ ■ " galt ; impure samples 

wet. qualified, of course, by t at o Aphides be absent, 

ave a most unpleasant garlic- JJ®’ ( (listin!! uishe,l from ^ms 
Soap-lye glycerin can be .apully r wl ,„ 

, o , ls „ K. Schmitt (JM. »«■>'">■ Si hut «er. mm* 

° 7£!£* ‘nf ««.„»„ U»t 224.3*4 ; Kruneh 

patent 16,2*0, 1909. 
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described under (1), (2), (3), (4) by the large proportion of common 
salt which it contains (heavy precipitate with silver nitrate), and by 
its high specific gravity. 

A soap-lye glycerin containing considerable quantities of sulphides, 
thiosulphates, or sulphites, is almost valueless to the refiner of crude 
glycerin. A process for the removal of arsenic from glycerin has been 
proposed by Davis. 1 

The determination of glycerol is best carried out by the aectin 
method. 2 The bichromate method in the form prescribed by the Inter- 
national Standard Method 3 is also used in commercial analysis. 

The following reagents are required 

1. Pure potassium bichromate powdered and dried at 110-120° 0. 

2. Bichromate solution containing 7*4564 grms. of the reagent 1 in 
one litre of distilled watter. 1 c.e. of the solution —0*001 grin, of 
glycerin. 

Ferrous Ammonium Sulphate in Crystals- -This is standardised by 
dissolving 3*7282 grms. of reagent 1 in 50 c.c. of water. After 50 c.c. 
of sulphuric acid have been added, a weighed quantity of ferrous 
ammonium sulphate in a slight excess of the amount, required by t heory 
is added. This excess is then titrated back with the dilute bichromate 
solution. 

4. Silver Carbonate. -This must be prepared as required for each 
test by mixing 140 c.c*. of an 0*5 per cent solution of silver sulphate 
with 4*9 c.c. of normal sodium carbonate solution. The precipitated 
silver carbonate is washed once by decantation and is then ready for use. 

5. Basic Lead Acetate.- A 10 per cent solution of lead acetate is 
boiled for one hour with an excess of litharge, the water being replaced 
as it boils away. The solution is then filtered hot and kept out of 
contact with carbon dioxide. 

6. Potassium f err i-cy avid e solution containing about 0*1 per cent. 

The analysis is carried out as follows : — 

20 grms. of the glycerin are weighed off and diluted to 250 c.c. 
To 25 c.c. of the solution the prescribed amount of silver carbonate is 
added and the mixture allowed to stand with occasional shaking for 
about 10 minutes, after which a slight excess of the basic lead acetate is 
added, and after allowing to rest for a few minutes the solution is made 
up to 100 c.c. with an allowance of 0*15 c.c. for the volume of the 
precipitate. The flask is then w^ll shaken and the solution filtered 
through a dry filter, the first 10 c.c. being rejected. The addition of the 
basic lead acetate to a small portion of the filtrate should cause no 
further precipitation ; otherwise the test must be considered as 
^useless ; 25 c.c. of this filtrate are placed in a beaker which has been 
cleaned with potassium bichromate and sulphuric acid. Twelve drops 
of sulphuric acid are added in order to precipitate the excess of lead as 
'sulphate. 3*7282 grms. of the potassium bichromate are added and 

1 English patent application 10,051, 1912. 

2 Lcwkowitsch, Chevi. Ze.it. , 1889, 93, 191, 659 ; Jouru. Soc. ('hem. 1890, 479. 

a Tortelli and Ceeeherelli, Chem. Zeit., 1913, 1505 ; 1914, 3. 
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washed down with 25 c.c. of water ; the bichromate is dissolved by 
imparting a rotary motion to the beaker ; 50 c.c. of 50 per cent sulphuric 
acid are added and the beaker immersed in boiling water for two hours. 
After cooling, a slight excess of ferrous ammonium sulphate is added 
and the solution titrated back with the dilute bichromate. The 
amount of bichromate reduced is calculated to glycerol, 1 grm. of 
bichromate being equivalent to 0-13411 grms. of glycerol. 

Ilehner has shown by a number of comparative experiments that 
the results obtained by the acetin and the bichromate methods agree 
very well, and the author confirmed this in the second edition of this 
work. 1 Yet this no longer holds good at present. Lewkowitxch 2 
proved by a large number of experiments that in the case of many 
crude glycerins, the bichromate method yields appreciably higher results 
than does the acetin method. This is shown by a number of analyses 
collated in the following table 


Comparison of the Acetin and Bichromate Methods for determining the 
percentage of Glycerol in Soap Crude Glycerin (Lewkowitsch) 


Description. 

Acetin Method. 

Bichromate Method 
(purified with 
Copper Sulphate), 

, Bichromate Method (puriliod 
with Silver Carbonate 
and Basic Lead Acetate). 

Soap-lye crude 

86'66 

86-45 


v 

86 * 15 ; 86'06 

86 * 01 ; 86-34 



76-02 

76 - 38 ; 75-10 



80 - 61 ; 80-66 

80 - 37 ; 80-04 



78-93 

79-41 



85-94 

85-43 



79-84 

79-23 



83 - 05 ; 83-07 

83 - 99 ; 84-65 



/ 78-48 ; 78 - 55 ; 

181 * 42 ; 81-60 


>» *» 

\ 78-89 

t 81-23 



/ 80-46 ; 80 - 82 ; 

j 82 - 66 ; 83-03 


>» •» 

\ 80 - 28 ; 80-61 

\ 83 - 23 ; 83-89 



76 - 56 ; 77-45 

79 * 36 ; 79-01 



81'44 ; 8119 

82 * 51 ; 82-61 



81-42 

82-21 



79*13 

81 ' 52 ; 81-94 



75*20 

78-79 



72*98 

76-04 



72-01 

| 77-44 

1 

Last crude, concen- 




trated further . 

74-73 

78-36 


Soap-lye crude 

77-31 

1 < 7 - 96 ; 78-60 

78 - 30 ; 78 - 33 ; 78-69 


76-53 ; 76-61 

78 - 17 ; 78-24 

79-25 ; 79*53 


Sinco the process of bleaching soaps by means of hydrosulphites 
has come into vogue, the presence of the salts in the glycerin wilt render 
the oxidation method still more umeliable. 

The acetin method is all the more commendable for the valuation 
of soap crude glycerin, inasmuch as polyglycerols (residues from the 

1 C’p. Lewkowitscli, L'hmw'l Analysis, etc. 1898, p. 808. 

. - Am/yst, 190 :], 104 
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‘ glycerin stilly see p. 379), if admixed with crude glycerin, would be 
oxidised tby the bichromate, and thus calculated to glycerol, whereas 
the polyglycerols are not converted into esters on boiling with acetic 
anhydride. Lewkowitsch 1 has proved that soap crude glycerins con- 
taining polyglycerols show less than 80 per cent in the aeetin test. 
The following table reproduces some analyses : — 

Olycerol by Acetln Method. 

Per cent. 

70-20; 70-10; 70-45; 70-57 
77-04 ; 77-08 ; 77-77 ; 77-70 
01-40; 01-38; 01-43; 01-09 

Ash “ Salts.” — 3-5 grins, of the sample are weighed off accurately 
in a platinum dish, which is then placed at some distance over a small 
burner, in order that the glycerol may evaporate off slowly. More heat 
should only be applied after the glycerol has been driven off, when a 
bulky carbonaceous residue is obtained. This is heated to a temperature 
which is just sufficiently high to carbonise the organic matter, but care 
must be taken that no sodium chloride be volatilised. After cooling, 
the charred mass is exhausted with water, transferred to a tilter, and the 
filtrate boiled down in the platinum dish on the water bath. The 
residue, which should be white, is heated (not above 400° C. 1o avoid 
loss by volatilisation of sodium chloride), and weighed. Ash contains 
as a rule sodium carbonate or sodium sulphate, in addition to common 
salt. If the sodium chloride, carbonate, etc., be required they are 
estimated by the well-known method of inorganic analysis. The alkali 
in the ash is determined by titration with standard acid. The carbon 
on the filter is dried, burnt away, and the weight of the ash (if any) 
added to the bulk ; this is especially necessary if the sample contain 
lime (cp. Vizeni 1 2 ). 

Free Caustic Alkali. — This is determined by adding to a fairly large 
quantity of the diluted glycerin, barium chloride solution ; after filtering 
off the precipitate the caustic alkali is titrated. 

Alkali Carbonates. — 10 grms. of the sample are diluted and an excess 
of standard HC1 solution is added. The solution is boiled under a 
reflux condenser for twonty minutes, the condenser tube washed with 
carbon dioxide free water and the excess of acid titrated back with a 
normal soda solution, using phenolphthalein as indicator. From the 
amount of Na 2 0 found here, the Na 2 0 existing as free caustic is deducted, 
leaving the Na 2 0 existing as carbonate. 

Organic Impurities . 3 — 10 grms. of the sample are weighed off into 
a 100 c.c. flask, diluted with water and sufficient normal 11C1 solution 
added in order to reduce the alkalinity to 0-2 per cent of Na 2 0. This 
amount should not be exceeded, as the presence of a somewhat large 
excess of soda gives # rise to the formation of polyglycerols on heating. 
In order to prevent the loss of organic acids, if the glycerin be acid an 
amount of normal sodium carbonate solution must be added sufficient 

1 Chem. Zeit., 1889, 659. 2 Jonm. Ckern. Soc ., 1890, Abstr. 835. 

J International Standard Methods, 1911. 
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„ „ II- 

„ „ III. „ more Still Residues . 
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to bring the excess of soda up to 0-2 per cent Na 2 0. The solution is made 
up to 100 c.c. and 10 c.c. are measured of! into a weighed platinum 
dish (2-5" in diameter and 0*5* deep). In the case of glycerins containing 
high amounts of organic residue less solution should be evaporated. 
The disli is placed on a water bath until most of the water is evaporated, 
after which it is placed in an oven at about 140° C. until most of the 
glycerin has been driven off. After cooling about 1 c.c. of water is 
added and the residue dissolved. The water is then driven of! on the 
water bath and the dish placed in the oven at 160° 0., where it is allowed 
to remain for one hour. The treatment is repeated until constant 
weight is attained. A correction must be made for the amount of 
alkali or acid added. 

From the weight of the total residue tips ash is deducted and the 
remainder is returned as organic residue at 1(K)° 0. 

If the amount of organic residue is high it may be treated by the 
acetin method and the result calculated to glycerol, which is deducted 
from the total glycerin found by the acetin method. 

Fatty acids are detected by acidifying the diluted glycerin with 
hydrochloric acid. 

Arsenic is detected as described p. 392. 

The detection of sulphides, sulphites, and thiosulphates in the. crude 
glycerin is of importance for purposes of valuation. The presence of 
sulphides is ascertained by testing with paper saturated with alkaline 
lead nitrate solution. To detect traces of sulphides down to , o o*« o o th 
part (Ferrier 1 ) a few c.c. of the solution are, placed in a small flask, and 
four or five drops of hydrochloric acid are added, as well as a pinch of 
sodium bicarbonate. The liquid is carefully heated to boiling, and a 
paper moistened with alkaline lead nitrate held over the flask. 

Thiosulphates and sulphites are detected by treating the diluted 
glycerin with a few c.c. of a solution of barium chloride, and filtering 
of! the precipitate containing carbonate, sulphate, 2 and sulphite. To 
the clear filtrate two or three drops of hydrochloric, acid and a few 
drops of a potassium permanganate solution are added. If the glycerin 
contains even less than , r) ^ 00(T th part of thiosulphate , a distinct turbidity 
is produced. 

The detection of sulphites is effected by washing the precipitate on 
the filter with boiling water, stirring it up with a little water, and adding 
to this mixture starch solution and a few drops of iodine solution. In 
the presence of sulphites the blue coloration disappears with more or 
less rapidity, whilst in their absence the blue colour is permanent. 

Another method by which to detect sulphides, sulphites, and thio- 
sulphates in presence of sulphates (which may occur in soap lyes to a 
notable extent) has been proposed by Browning and Howe? The 
solution should be made slightly alkaline ; zinc acetate is then added 

1 Joum. Soc. Chew, laid,, 1893, 471. 

2 Dobbin, Pham. Joum., 1900, 182, has shown that small quantities of barium 
sulphate are soluble in the presence of considerable amounts of thiosulphate. 

:l Zeits.f. awry. Chcm., 1898. 371. 
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in distinct excess. The precipitate of zinc sulphide is filtered off and 
tested by treating with mineral acid. The filtrate is acidified with 
acetic acid, and the sulphates precipitated by barium chloride. Iodine 
solution is added to the filtrate until a permanent coloration is obtained : 
the excess of iodine is removed by stannous chloride and a few drops of 
hydrochloric acid (to prevent formation of basic stannic salts). If a 
precipitate be obtained at this stage the presence of sulphites is proved. 
The precipitate is filtered off, and the filtrate treated with bromine 
water. The solution is then again decolourised with stannous chloride ; 
a precipitate would indicate the presence of thiosulphates. 

For the quantitative estimation of sulphides, sulphites, thiosulphates, 
and sulphates in presence of each other the reader must be referred to 
the original papers quoted in the footnote . 1 

Midway between (hude glycerins" and “distilled glycerins” 
stand the “ commercial refined ” glycerins obtained from saponification 
crude glycerin by treatment with char or other bleaching agents . 2 Such 
refined glycerin is almost white, and is used for various purposes in the 
arts as a substitute for distilled glycerin. 

Distillation crude glycerin cannot be obtained white in this 
manner ; the same holds good of the other crude glycerins described 
above. 


2. DISTILLED GLYCERIN- DYNAMITE GLYCERIN 

These glycerins are obtained from the different, crude glycerins 
described above, by distillation. The distillation is carried out either 
under ordinary pressure or in a vacuum. In either case the distillation 
is supported or accelerated by the aid of superheated steam. The 
latter method is the one mostly in vogue at present. Some manufac- 
turers work off in one batch a certain amount of crude glycerin (depend- 
ing on the size of the stills), others resort to continuous distillation, the 
still being fed as the glycerin distils olf. The successful distillation ol 
crude glycerin does not depend so much on the kind of apparatus used 
as on the skill and care of the operator. A large number of special 
apparatus and stills have been patented , 3 but owing to the fact just 
pointed out (viz. that success depends more on the skill of the operator 
than on the particular apparatus employed), the details of the methods 
: are considered valuable secrets. ^ For it rests solely with the mode of 
working — especially in the case of soap-lve glycerin— as to whether 
one distillation suffices to obtain a satisfactory product, or whether 
the once distilled glycerin must be distilled again. If tire distillation 
be not conducted carefully, the once distilled glycerin is so strongly 

contaminated with sodium chloride and organic, impurities (especially 

• 

1 Lunge and Smith, Joiirn. Sue. Chew, hul., 1883, 463 ; Richardson and Aykroyd, 
ML, 1896, 171 ; Lunge and Segaller, ML, 1900, 221. 

2 Badischo Anilin und Soda Fabrik, English patent 16.260, 1909 ; German patent 
224,394 ; French patent 410,824 ; United States patent 1,089,77.6. 

3 Cp. United States patent 881,525 (F. J. Wood) and 910,440 (see Chew. Zed. Hep., 
1909, 147) ; Marx and Rawolle, German patent 217,689 ; United States patent 910,440. 
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volatile acids and even polyglycerols) that a second distillation becomes 
imperative. 

The yield obtainable from crudo glycerin depends likewise on the 
care of the operator. The losses incurred by unsatisfactory distillation 
are large, and range, in cases within the experience of the author, from 
as much as 15 to even 40 per cent. A large proportion of the loss is due 
to destruction of glycerol with the formation of volatile acids and 
acrolein on the one hand, and to the formation of polyglycerols on the 
other hand. The polyglycerols are mainly found in the still residues 
(glycerin foots). 

Distilled glycerin is used for many purposes in the arts, such as 
for filling gas-meters and hydraulic jacks, in the manufacture of copying 
inks, 1 carbon papers, waterproof paper, toilet soaps, “ sizes ” for textiles, 
and for the production of plastic masses (printing rollers, hectograph 
mass), 2 and for impregnating tissues. 3 The bulk of distilled glycerin is, 
however, employed in the manufacture of high explosives, such as 
dynamite, blasting gelatine, cordite, etc. 

These glycerins being prepared by distillation, contain a very small 
amount of ash, and are thereby easily distinguished from crude glycerins. 
Distilled glycerins are further differentiated from crude glycerins by 
not giving a precipitate with lead acetate. 

The commercial distilled glycerins vary in colour from yellow to 
white ; they also vary in their content of glycerol, according to their 
specific gravities, which range between 1*220 and 1*260. 

The percentage of glycerol may be ascertained with approximate 
accuracy by referring to the tables of specific gravities given on p. 382. 
The small amount of ash these glycerins contain has, however, some 
influence on the specific gravity. If great accuracy be required, the 
glycerol should be determined by the acetin method or the bichromate 
method, although it must be again repeated that the bichromate method 
has a tendency to yield too high results. 

Dynamite glycerin represents that quality of distilled glycerin which 
has a specific gravity of 1*261 to 1*263. According to the care with 
which it has been manufactured, its colour varies from a deep yellow 
to a pale colour. 

Owing to the risks to which a manufacturer of dynamite is exposed 
if the glycerin be impure, the conditions to which a dynamite glycerin 
should conform arc usually laid dowry in contracts between buyer and 
seller. Thus the following conditions are stipulated : — 

Specific Gravity . — This should not be less than 1*261 at 15*5° 0. 
(For the method of determination see p. 384.) The specific gravity 
test is a very important one, as an apparently high percentage of glycerol 
may be found by the bichromate method, or ever in the acetin test, 
due to the presence of trimethyleneglycol, which occurs in commercial 

1 Beyer, German patent 224,637, 229,467 ; Hochstetter patents an ink prepared 
from a mixture of glycerin and a sulpliouated oil. U uited States patents 928, 1 50, 928,915. 

- Cp. German patent 202,849 (W. II. Brownlow) ; Betzer, German patent 231,460. 

a Wechsler, French patent 425,777. 
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glycerin obtained from low-class greases (Noyes and Watkin ; 1 cp. 
above, p. 361). The presence of trimethyleneglycol may be suspected 
if a low specific gravity is found concurrently with an apparently high 
percentage of glycerol. Barton 2 proposes to heat the glycerin to 
225°-230° C. for two hours and then to take again the specific gravity ; 
the second value is termed u permanent specific gravity.” Anv hvdro- 
earbons present in glycerins from bone fat are thus volatilised. The 
“ permanent specific gravity ” will always be higher than the specific 
gravity of the sample, as the last traces of water are volatilised ; tri- 
methyleneglycol (boiling point 214°-217° (1.) also will most, likely be 
driven off by heating. 

Lime, magnesia, and alumina should be absent. 

Chlorine.- --Traces only are permissible ; the glycerin must not 
become milky with silver nitrate. Milkiness is observed when the 
proportion of sodium chloride lies between 0*025 and 0*01 per cent (as 
the author has ascertained by a number of experiments). The quanti- 
tative determination of sodium chloride is, however, unnecessary. 

Arsenic Only minute traces are tolerated. The test is made by 
making the glycerin jnst alkaline with a minute quantity of ammonia, 
and adding silver nitrate. No yellow precipitate should appear. As 
this precipitate is soluble in ammonia, an excess of the latter must be 
avoided. Greater certainty is obtained by Gutzeit's reaction (see p. 
392), using mercuric chloride. 

Organic Impurities .- -The glycerin must not become brown or black 
within ten minutes after the addition of a few drops of silver nitrate to 
the diluted glycerin. 

Total Residue. — This is determined as described, p. 373. It should 
not exceed 0*25 per cent of the dynamite glycerin. If there be reason 
to suspect the presence of organic bases in the sample, a small amount 
of hydrochloric or nitric acid is added, when the hydrochloride or 
nitrate of the bases will be obtained in the residue. 

Free Acids. — The glycerin should not be acid to litmus, nor should 
it contain fatty acids ; the test for volatile fatty acids (which occur 
at present more frequently in some dynamite glycerins than used to be 
the case some years ago) is carried out as described under chemically 
puro glycerin, p. 390. Some specifications stipulate that on passing 
nitrous acid fumes through the glycerin, it must not curdle, it being 
supposed that oleic acid would thus be detected. 3 It will be found 
more suitable to add hydrochloric acid to one volume of glycerin diluted 
with two volumes of water ; a turbidity would indicate the presence of 
insoluble fatty acids. 

Nitration and Separation Test. — A sample of glycerin may prove 
satisfactory in all preceding tests, and yet be totally unfit for the 
manufacture of nitroglycerin. The suitability of a sample of dynamite 
glycerin must therefore be determined by the following process, which 
simulates large scale operations. 4 

1 Journ. Sue. Chevi. Iiut., 1896, 207. 2 Ibid., 1895, 516. 

y Cp. Lewkowitscli, Journ. Sue. C/mn. hut., 1908, 199. 

4 Lewkowitscli, Chew. Zeit., 1895, 1423 ; Journ. Soc. Chem. hid,, 189;*, 1073. 
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375 grins, of a mixture, consisting of one part (by weight) of nitric 
acid, specific gravity 1*5, and two parts (by weight) of sulphuric acid, 
specific gravity 1-845, previously cooled down to the ordinary tempera- 
ture in a closed vessel, are weighed off in a beaker of about 500 c.o. 
capacity. A thermometer, which serves during nitration as a stirrer, 
is then introduced into the acid, and the beaker is immersed in a capacious 
vessel filled with cold water, or, if necessary, with ice. A stream of 
cold water is kept running through the vessel by means of a stout india- 
rubber tubing, diameter, coiled at the bottom of the vessel. It is 
very important that the india-rubber tubing should be securely fastened 
to the water-tap, if the latter be near the operator, as it may easily 
happen that if the tube is thrown off the tap by the pressure of the water 
in the pipe, water is splashed into the acid, whereby the temperature 
may rise suddenly, so that an explosion ensues. The author uses 1 
thin- walled beakers, so that they can be rapidly broken in case the 
temperature rises to a point of danger ; the rapid discharge of the mixed 
acids and nitroglycerin into the large mass of water effectively prevents 
an explosion. 

When the temperature of the acids has fallen to about 12° to 15° C., 
50 grms. of the sample of glycerin, weighed o If in a beaker having a 
spout, are allowed to fall into the acids, drop by drop. The liquid is 
constantly stirred with the thermometer, and the temperature is 
observed after the addition of every single drop of glycerin. Con- 
sidering the danger attending this operation, the inexperienced analyst 
should be instructed in the carrying out of the test by a practised 
operator. If this be not feasible, the safest plan is to proceed in the 
manner described, i.e. add cautiously drop by drop, stirring all the 
while, so that no overheating may take place locally, and never allow 
the temperature to exceed 30° C. No addition of a further drop of 
glycerin must be made until the temperature has fallen below 25° C. 
(An experienced operator will, of course, proceed a little more rapidly.) 

When all the glycerin has been introduced in this manner, the 
mixture is stirred for a short period, until the temperature has fallen 
to about 15° C., when it is transferred to a separating funnel, which 
must be absolutely dry. The safest plan is to rinse the funnel with 
concentrated sulphuric acid. 

If the dynamite glycerin is of good quality, the nitroglycerin formed 
will rapidly rise and separate in a few minutes as an oily, somewhat 
turbid layer on the top of the spent acid;’'. The quicker the separation 
into two well-defined layers takes place the better is the glycerin. If 
flocculent matter be noticeable in the nitroglycerin layer, or if the 
separation be slow, and an intermediate layer of this flocculent substance 
render the line of separation indistinct, the sample is unsuitable for 
dynamite making. In some cases, owing to the nitroglycerin being 
honeycombed with this flocculent substance, several hours are required 
for separation. Such a glycerin must, of course, be rejected. 

Owing to the somewhat dangerous nature of this test in an analyst’s 
laboratory, the quantity of glycerin employed has been gradually 

1 Lewkowitscli, ('hem. Zeit., lN9f>, 1423; Join'd. Soc. Chem. hid., 1895, 1073. 
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reduced from 50 to 15 grins. This should, however, be the lowest 
permissible quantity, as the indications furnished by the nitration test 
become unreliable if only 10 grms. of glycerin be used. 1 

The quantitative determination of the yield of nitroglycerin is con- 
veniently combined with the nitration test. In that case the accurate 
quantity of glycerin employed is either determined by weighing back 
the empty beaker, or the beaker is rinsed out with the mixture of acids 
and nitroglycerin. The former method is the safer one. After separa- 
tion of the nitroglycerin, the acid layer is carefully drawn off, and the 
nitroglycerin slightly agitated without shaking, so that any drops of 
acid adhering to the vessel are made to collect. This acid is carefully 
drawn off, and the nitroglycerin washed once with water at 35°-40° 0., 
then once or twice with a 20 per cent solution of sodium carbonate, 
and then again with water. The nitroglycerin is next transferred to a 
suitable burette, in which the adhering water is made to rise to the top. 
The volume is read off, and the number of c.c. multiplied by TO, which 
is the specific gravity of pure nitroglycerin (the- specific gravity of the 
product may be determined if desired) ; another method is to weigh 
the nitroglycerin after separating the water and filtering over salt to 
remove moisture. 

It is evident that this process yields only approximate results, 
especially so as nitroglycerin, is slightly soluble in water. The method 
is, however, satisfactory for the commercial valuation of dynamite 
glycerin. The yield of nitroglycerin should be over 210 per cent. Tin; 
quantity of nitroglycerin contained in the washings (recovered on the 
large scale by the so-called after-separation) is disregarded. The 
theoretical yield of nitroglycerin from glycerol is 246*7 per cent. 

It is, of course, necessary to destroy the nitroglycerin. This is 
done best by spreading out a sufficient quantity of dry sawdust in a 
moderately thick layer in an open space (not too near a building), and 
allowing the nitroglycerin to drop from a separating funnel on to it 
whilst the operator carries the funnel along the sawdust, so as to 
distribute the nitroglycerin in a slender continuous trail, taking care 
that no pool is formed. By applying a lighted match to one end of the 
trail the nitroglycerin will burn away quickly. The waste acids should 
be destroyed in a similar manner ; when these are brought into contact 
with sawdust a violent reaction sets in, but no explosion need be feared 
if the nitroglycerin lias been separated off carefully. 


Still Residues (“ Glycerin Foots ”) 

(1) The still residues from the distillation of crude glycerins low in 
ash (see crude glycerins (1) (2) (3) (4), p. 358) consist chiefly of poly- 
glycerols and of notable amounts of salts, as the mineral matters origin- 
ally contained in the crude material naturally accumulate in the residues. 
They are used in the manufacture of shoe-blacking. Recently Claeszen 2 

1 Cp. F. Nathan, Journ. Soc. Clam, hid., 1908, 193. 

- German patent 198,711 ; French patents 392,884, 393,341. 
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proposed their technical employment (in place of glycerin) in the 
production of plastic masses (printing rollers, hectograph mass), sizes 
for textiles, and for waterproofing paper. 

(2) The still residues from soap lye crude contain much larger 
amounts of salts than those described under (1). The residues obtained 
in the course of distillation retain such considerable amounts of glycerol, 
in addition to polyglycerols, salt, sodium carbonate, sodium acetate, 
and sodium salts of other organic non-volatile acids, that the accumu- 
lated residues are worked up for the recovery of glycerin. The residues 
are therefore boiled up with water, and dilute hydrochloric (or sulphuric) 
acid is added to decompose carbonate of sodium and the organic sodium 
salts. The organic non-volatile acids collect on the surface of the liquid 
as a resinous mass, which is removed. The liquor is then filtered and 
concentrated separately, or is admixed to the ordinary soap lyes. It 
should be noted that during the concentration of these liquors acetic 
acid volatilises ; it is therefore advisable to concentrate the lyes separ- 
ately and distil the recovered glycerin. 

The finally obtained still residues are too low in content of glycerin 
to be reworked, and are therefore employed for making shoe-blacking, 
etc. 

The proportion of glycerol is best determined by the acetin method. 

Polymers of glycerin are prepared on a commercial scale by heating 
the glycerin with small amounts of caustic soda or sodium acetate, 1 
or by heating the glycerin to 210° (J. in a current of carbon dioxide. 2 
Thus, by using 0*5 per cent of sodium carbonate as an accelerator, the 
patentees claim that the final product contains 40 per cent of 
diglycerol. The presence of nitrated diglycerol in nitroglycerin lowers 
the freezing point. 


3. CHEMICALLY PURE GLYCERIN 

The glycerins described under 2 still contain a small amount of 
impurities, so that they cannot be employed for pharmaceutical and 
dietetic purposes. The once distilled glycerin must therefore be 
subjected to a second distillation. If the distillation is carried out 
with sufficient care, the distillates yield, after concentration and treat- 
ment with char, the chemically pure glycerin of commerce. 

At a time when the art of preparing chemically pure glycerin was 
not so far advanced as it is to-day, some chemically pure glycerin was 
manufactured by allowing glycerin to crystallise, and by removing 
the impurities in a centrifugal machine. This process has, however, 
been abandoned, not only on account of its costliness, but also on account 
of the inferiority of the product as compared with the best brands of 
chemically pure glycerin obtained by careful distillation, for it was 
found that the crystals were apt to occlude impurities. 

1 Fleming, United States patent 13,234, 978,443, 969,159 ; English patent 15,829, 
1910 ; Canadian patent 136,991. 

- Nobel, Rintoul and limes, English patent 24,608, 1910. 
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Chemically pure glycerin is obtainable in commerce in different 
(strengths) concentrations. The commercial preparations are : — 
Chemically pure glycerin of 1*24 specific gravity, chemically pure 
glycerin of 1*25 specific gravity, and chemically pure glycerin of 1*26 
specific gravity. 

The chemically pure glycerin of the highest specific gravity should 
approach as nearly as possible the chemical substance glycerol, the 
properties of which have been described, Vol. I. Chap. III. 

Such glycerin is odourless, colourless, has a pure sweet taste, and is 
as free from impurities as it is possible to prepare a substance on a 
large scale. The preparation demanded by the Pharmacopoeia is the 
purest commercial article ; it should consist of glycerol and small 
amounts of water. 

Provided the chemically pure glycerin satisfies the qualitative tests 
described below, the proportion of glycerol can be ascertained by merely 
determining the specific gravity of the sample. 

Tho following tables give the specific gravities of aquoous solutions 
of chemically pure glycerin, as determined by Lenz} Sirohmer , a Gerlach , 3 
and Nicol . 4 Cp. also Vol. 1. p. 214. 

1 Zeits. /. anah/t. Cfirtu. 19, 302. - MonaUh. J\ Chen., 1881 (5) 61. ^ 

3 Che minrh e Industrie, 7, 281. 4 Phunn. Journ. and Transact., 1887, 297. 


[Table 
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Specific Gravities of Aqueous Solutions of Chemically Pure Glycerin 



Lf.nz. 

SrROHMER. 

Gerlach. 

Nicol . 

Glycerol. 

Spec. Grav. 

Spec. Grav. 

Spec. Grav. 

Spec. Grav. 

Spec. Grav. 

Per cent. 

at 12°- 14° C. 

at 17-5° C. 

at 15“ O. 

at 20° C. 

at 20“ O. 


Water at 

Water at 

Water at 

Water at 

Water at 


12° C. = 1. 

17-5° C.=l. 

16“ C. = J. 

20° C. = l. 

20* C.=»l. 

100 

1-2691 

1-262 

1-2653 

1-2620 

1-26348 

90 

1*2664 

1-259 

1 -2628 

1-2594 

1-26091 

98 

1-2637 

1-257 

1-2602 

1-2568 

1 -25832 

97 

1-2610 

1-254 

1-2577 

1-2542 

1-25572 

96 

1-2584 

1-252 

1-2552 

1-2516 

1-25312 

95 

1-2557 

1-249 

1-2526 

1-2490 

1-25052 

94 

1-2531 

1-246 

1-2501 

1-2464 

1-24790 

93 

1-2504 

1-244 

1-2476 

1-2438 

1-24526 

92 

1-2478 

1-241 

1-2451 

1-2412 

1 -24259 

91 

1-2451 

1-239 

1-2425 

1-2386 

1-23990 

90 

1-2425 

1-236 

1-2400 

1-2360 

1-23720 

89 

1-2398 

1-233 

1-2373 

1-2333 

1-23449 

88 

1-2372 

1-231 

1-2346 

1-2306 

1-23178 

87 

1-2345 

1-228 

1-2319 

1-2279 

1-22907 

86 

1-2318 

1-226 

1-2292 

1-2252 

1-22636 

85 

1-2292 

1*223 

1-2265 

1 -2225 

1-22365 

84 

1-2265 

1-220 

1-2288 

1*2198 

1-22094 

83 

1-2238 

1-218 

1-2211 

1-2171 

1-21823 

82 

1-2212 

1-215 

1-2184 

1-2144 

1-21552 

81 

1-2185 

1-213 

1-2157 

1-2117 

1-21281 

80 

1-2159 

1-210 

1-2130 

1-2090 

1-21010 

79 

1-2122 

1-207 

1 -2102 

1 2063 

1-20739 

78 

1-2106 

1-204 

1-2074 

1-2036 

1-20468 

77 

1-2079 

1-202 

1-2046 

1*2009 

1-20197 

76 

1-2042 

1-199 

1-2018 

1-1982 

1-19925 

75 

1-2016 

1-196 

1-1990 

1-1955 

1-19653 

74 

1-1999 

1-193 

1-1962 

1-1928 

1-19381 

73 

1-1973 

1-190 

1-1934 

1-1901 

1-19109 

72 

1-1945 

1-188 

1-1906 

1-1874 

1-18837 

71 

1-1918 

• 1-185 

1-1878 

1-1847 

1-18565 

70 

1-1889 

1-182 

1-1850 

1-1820 

1-18293 

69 

1-1858 

1-179 



1-18020 

68 

1-1826 

1-176 



1-17747 

67 

1-1795 

1-173 



1-17474 

66 

1-1764 

1-170 



1-17201 

65 

1*1733 

1-167 

1-1711 

1*1685 

1-16928 

64 

1-1702 

1-163 



1-16654 

63 

1-1671 

1-160 



1-16380 

62 

1-1640 

1-157 



1-16107 

61 

1-1610 

1-154 


«... 

1-15834 

60 

1-1582 

1-151 

1*1570 

1-1550 

1-15561 

59 

1-1656 

1-149 



1-15288 

58 

1-1530 

1-146 



1-15015 

57 

1-1505 

1-144 



1-14742 

66 

1-1480 

1-142 



1-14469 

55 

1-1455 

1-140 

1-1430 

11415 

1-14196 

54 

1-1430 

1-137 



1-13923 

53 

1-1403 

1-135 



1-13650 

62 

1-1375 

1-133 



1-13377 

61 

1-1348 

1-130 



1-13104 

50 

1-1320 

1-128 

1-1290 

l - i ’280 

1-12831 

45 

1-1183 


1*1155 

1-1145 

1-11469 

40 

1-1045 


1-1020 

1-1010 

1-10118 

35 

1-0907 

... 

1-0885 

1-0875 

1-08786 

30 

1-0771 

... 

1-0750 

1-0740 

1-07469 

25 

1-0635 

... 

1-0620 

1-0610 

1-06166 

20 

1-0498 

... ' 

1-0490 

1-0480 

1-04884 

15 

1-0374 

... 



1-03622 

10 

1-0245 

• M 

1-0245 

1-0235 

1 02391 

5 

1-0123 




1*01184 

O 

1-0000 

... 

1-0000 

1*0000 

1-00000 



XV 


GLYCERIN MANUFACTURE 


383 


The purity of the specimen of chemically pure glycerin used by 
Ijenz for his determinations was ascertained by ultimate analysis. 
Strohmer employed crystallised glycerin freed from water by repeated 
pressing between folds of filter paper. Gerlach prepared his most 
concentrated glycerin by boiling down a chemically pure glycerin of 
specific gravity 1*220, until it reached a temperature of 290° C., when 
the boiling point remained constant. 

The specific gravities of aqueous solutions for each degree below 
50 per cent are given in the tables, pp. 386 and 387. 

Specific gravities found at temperatures other than those given in 
the table may be corrected with the aid of the numbers contained in 
the following table (Gerlach) : — 


Expansion of Aqueous Solutions of Glycerin . Volume at 0° 0. =10,000 


Glycerol 

Volume 
at 0° 0. 

Volume 
at 10* C. 

Volume 
at 20° 0. 

Volume 
at 30° <J. 

I’er cent. 

0 

10,000 

10,001-3 

10,0160 

10,041 5 

10 

10,000 

10,010 

10,030 

10,059 

20 

10.000 

10,020 

10,045 

10,078 

30 

10,000 

10,025 

10,058 

10,007 

40 

10,000 

10,030 1 

10,067 

10,111 

60 

10,000 

10,034 

10,076 . 

10,124 

00 

10,000 

10,038 

10,084 

10,133 

70 

10,000 

10,042 

10,091 

10,143 

80 

10,000 

10,043 

10,092 

10,144 

30 

10,000 

10,045 

10,095 

10,148 

100 

10,000 

10,045 

10,096 

10,150 


The numbers for other temperatures are found by interpolation. 
The co-efficient expansion as determined by Gomey and Backus 1 was 
at 20° C., 0*000610; at 25° and at 30° ()., 0*000615 and 0*000620 
respectively. For temperatures between 15° and 20° 0. the specific 
gravity can be calculated from the numbers given bv Gerlach (table, 
p. 382) by means of the following formula 


where 

is the specific gravity of the .glycerin at 15° (*. Water at 15° 0. - !. 

^ 20° C. „ 20° 0. -1. 

s t „ „ „ „ t° c. „ i° 

A few of the numbers contained in the tables, pp. 382 and 387, have 
been controlled by ultimate analysis by Morawski . 2 11 is results show 
that Lem's figures.*are, as a rule, a little too low, and Strohiner’s a little 

1 Jonrn. Ind. Eng. Chew., 1910, 11. 

- Qhem. Ze.it. 13, 431. It may be added here that Morawski’s method of determining 
the percentage of glycerol by means of lead oxide has been shown by Lewkowitsch to 
yield unreliable results {(Jhe.nu Zeit ., 1889, 94. Cp. also Chem. Anal . of Oils , Fats, 
and Waxes, 2nd edition, 1898, p. 801). 
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too high, whereas Gerlach’s and Shalweit’s values agree both amongst 
themselves and with the results of elementary analysis. 

The specific gravity of the sample is determined by the methods 
described, Vol. I. flhap. V. In the case of the most concentrated 
<dycerin a slight complication arises if air bubbles become entangled 
in the liquid, as they rise only very slowly to the top of the viscous 
liquid at the ordinary temperature. If the hydrostatic balance be used, 
as is stipulated in many contracts (especially for dynamite glycerin, 
p. 376) the determination may require hours. Air bubbles are avoided 
by pouring the glycerin, carefully held in a slightly inclined position, 
along the side of the cylinder (of the hydrostatic balance). 

Ilehner 1 recommends to fill a Spread tube with the glycerin at a 
higher temperature than the ordinary one with the aid of the filter- 
pump and then to immerse the tube in water of the normal temperature ; 
for any other temperature a correction of 0-00058 for each degree 
centigrade must lie made. By means of this factor Richmond calculated 
the numbers given by Lent to 15-5° 0. 


Glycerol. 

Specific Gravity 
at 15*5° O. 

Glycerol. 

Specific Gravity 
at 15*6* C. 

Per cent. 


For cent. 

1*2327 

100 

1*2674 

87 

99 

1*2647 

86 

1*2301 

98 

1*2620 

85 

1*2274 

97 

1*2594 

84 

1*2248 

96 

1*2567 

83 

1*2222 

95 

1*2540 

82 

1*2196 

94 

1*2513 

81 

1*2169 

93 

1*2486 

80 

1*2143 

92 

1*2460 

79 

1*2117 

91 

1*2433 

78 

1*2090 

90 

1*2406 

77 

1*2064 

89 

1*2380 

76 

1*2037 

88 

1*2353 

75 

1*2011 


The author prefers the following method :-The sample is warmed 
in a closed bottle by immersing in warm water untd the liquid has be- 
come perfectly free from air bubbles. The glycerin is allowed to cool 
in the closed bottle, preferably to the normal temperature, and then 
carefully transferred to an ordinary specific, gravity bottle provided 
with a perforated stopper. After this has been pushed home the 
minute drop of glycerin squeezed out is, wiped off with a linen cloth and 
the bottle is taken out of the water-bath. A number of comparative 
experiments, in which those made with the Sprengel tube were considered 
the standard, proved that the specific, gravities are correct to the fourth 
decimal if the weights are reduced to vacuum. Complicated calculation 
is avoided by determining once for all the necessary, corrections for the 
picnometer. Suppose p be the weight in air, then the correct weight, 
P, will be _ 

P-pipR. 


1 Journ. Soc. ( 'hern. 1ml. , 1889, 8. 
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If brass weights are used, the correction, K, for the usual range of 
specific gravities is found from the following table 1 : — 

Correction for Weights in Vacuo 


Specific Gravity. It. 

1-00 0-00 100 

i -02 000103 

]•()! .... 0-00101 

1-00 0-00000 

108 . 0-00007 

1-10 0-00005 

1-15 . . 0-00000 

1-20 .... 0-00080 

1-25 . 0-00082 

1-30 . . 0-00078 


Refractive Index.- The percentage of glycerol in a sample can be 
ascertained rapidly and with accuracy by means of the refract ometer. 

The numbers given in the following tables, due to Linz, Strohmcr, 
and Skahvcit . 2 were determined with Abbe's refractometer. According 
to Lenz, the several observations agree amongst eacli other to a few 
units of the fourth decimal, whilst the difference in the refractive indices 
corresponding to 1 per cent of glycerin amounts to 13-5 units of the 
fourth decimal, liy reference to the t aides, the percentage of glycerol 
in a sample can therefore be determined accurately to about 0*5 per 
cent. For dilute aqueous solutions of glycerol an “ immersion refracto- 
meter ” (see Vol. I. Chap. V.) may bo used. 

1 L;ii)(lolt, OjUisrhas bir/nuHjuirnni'njru, 1st t il. , ]>. 131. 

! lic/inf. A nit I. Che in. 18 . 


VOL. Ill 


[Table 

2C 
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Specific Gravities and Refractive Indices of Aqueous Solutions of 
Chemically Pure Glycerin (Lenz) 


Glycerol. 

8p. Gr. at 
12M4* C. 

Ref. Ind. 
at 12-5°- 
12'8* O. 

Glycerol 

Sp. Gr. at 
12**14*’ C. 

Ref. Ind. 
at 12*5*- 
12-8* C. 

Glycerol 

Sp. Gr. at 
12°-14' C. 

Ref. Ind. 
at 12-5*- 
1*2 ’8° C. 

Per cent. 



Per cent. 



Per cent 



100 

1*2691 

1*4758 

66 

1*1764 

1*4249 

32 

1*0825 

1*3745 

99 

1*2664 

1*4744 

65 

1*1733 

1 *4231 

31 

1*0798 

1 *3732 

98 

1 *2637 

1*4729 

64 

1*1702 

1*4213 

30 

1*0771 

1*3719 

97 

1*2610 

1*4715 

63 

1*1671 

1*4195 

29 

1*0744 

1*3706 

96 

1*2584 

1*4700 

62 

1*1640 

1*4176 

28 

1*0716 

1 *3692 

95 

1*2557 

1*4686 

61 

1*1610 

1*4158 

27 

1*0689 

1*3679 

94 

1*2531 

1*4671 

60 

1*1582 

1*4140 

26 

1*0663 

1*3666 

93 

1*2504 

1*4657 

59 

1*1556 

1*4126 

25 

1 *0635 

1 *3652 

92 

1*2478 

1*4642 

58 

1*1530 

1*4114 

24 

1*0608 

1 *3639 

91 

1*2451 

1*4628 

57 

1*1505 

1*4102 

23 

1*0580 

1*3626 

90 

1*2425 

1*4613 

56 

1*1480 

1*4091 

22 

1 *0553 

1 *3612 

89 

1*2398 

1*4598 

55 

1*1455 

1*4079 

21 

1*0525 

1 *3599 

88 

1*2372 

1*4584 

54 

1*1430 

1*4065 

20 

1*0498 

1*3585 

87 

1*2345 

1 *4569 

53 

1*1403 

1*4051 

19 

1*0471 

1 * 357*2 

86 

1*2318 

1*4555 

52 

1*1375 

1*4036 

18 

1*0446 

1 *3559 

85 

1*2292 

1*4540 

51 

1 1*1348 

1*4022 

17 * 

1*0422 

1*3546 

84 

1*2265 

1*4525 

50 

1*1320 

1*4007 

16 

1*0398 

1*3533 

83 

1 *2238 

1*4511 

49 

1*1293 

1*3993 

15 

1*0374 

1*3520 

82 

1*2212 

1*4496 

48 

IT 265 

1*3979 

14 

1*0349 

1*3507 

81 

1*2185 

1*4482 

47 

1*1238 

1*3964 

13 

1*0332 

1*3494 

80 

1*2159 

1 *4467 

46 

1*1210 

1*3950 

12 

1*0297 

1*3480 

79 

1 *2122 

1*4453 

45 

1*1183 

1*3935 

11 

1*0271 

1*8467 

78 

1*2106 

1*4438 

44 

1*1155 

1*3921 

10 

1*0245 

1*3454 

77 

1*2079 

1*4424 

43 

1 T 127 

1*3906 

9 

1*0221 

1*3442 

76 

1*2042 

1 *4409 

42 

1*1100 

1*3890 

8 

1*0196 

1*3430 

75 

1*2016 

1*4395 

41 

1*1072 

1*3875 

7 

1*0172 

1*3417 

74 

1*1999 

1*4380 

40 

1*1045 

1*3860 

6 

1*0147 

1 *3405 

73 

1*1973 

1*4366 

39 

1*1017 

1*3844 

| 5 

1*0123 

1*3392 

72 

1*1945 

1*4352 

38 

1*0989 

1*3829 

4 

1*0098 

1*3380 

71 

1*1918 

1*4337 

37 

1*0962 

1*3813 

3 

1*0074 

1*3367 

70 

1*1889 

1*4321 

36 

1*0934 

1*3798 

2 

1*0049 

1*3355 

69 

1*1858 

1*4304 

35 

1*0907 

1*3785 

1 

1*0025 

1 *3342 

68 

1*1826 

1*4286 

34 

1*0880 

1*3772 

■ 



67 

1*1795 

1*4267 

33 

1*0852 

1*3758 





Specific Gravities and Refractive Indices of Aqueous Solutions of 
Chemically Pure Glycerin (Strohmer) 


Glycerol. 
Per cent. 

Bp. Gr. at 
17*5” C. 

Kef. Ind . 
at 17*5*0. 

Glycerol. 
Per cent. 

Sp. Gr. at 
17*5* C. 

Ref. Ind . 
at 17*5* C. 

Glycerol. 
Per cent. 

Sp. Gr. at 
17-5* C. 

Ref. Ind. 
at 17 ’5* C. 

100 

1*262 

1*4727 

83 

1*218 

1*4478 

66 

1*170 

. ) ‘4206 

99 

1*259 

1*4710 

82 

1 * 21 5 T 

1*4461 

65 

1*167 

1*4189 

98 

1*257 

1*4698 

81 

1*213 

1*4449 

64 

1*163 

1*4167 

97 

1*254 

1*4681 

80 

1*210 

1*4432 

63 

1*160 

1*4150 

96 

1*252 

1*4670 

79 

1*207 

1*4415 

62 

1 T 57 

1*4133 

95 

1*249 

1*4653 

78 

1*204 

1*4398 

61 

1*154 

1*4116 

94 

1*246 

1*4636 

77 

1*202 

1*4387 

60 

1*151 

1 *4099 

93 

1*244 

1*4625 

76 

1*199 

1*4370 

59 

1*149 

1*4087 

92 

1*241 

1*4608 

75 

1*196 

1*4353 

5S 

! 1*146 

1*4070 

91 

1*239 

1*4596 

74 

1*193 

1*4336 

57 

1*144 

1*4059 

90 

1*236 

1*4579 

73 

1*190 

1*4319 

50 

1*142 

1*4048 

89 

1*233 

1*4563 

72 

1 T 88 

1*4308 

55 

1*140 

1*4036 

88 

1*231 

1*4551 

71 

1*185 

1*4291 

54 

1*137 

i 1*4019 

87 

1*228 

1*4534 

70 

1 T 82 

1*4274 

53 

1*135 

1*4008 

86 

1*226 

1*4523 

69 

1-179 

1*4257 

52 

1 T 33 

1*8997 

85 

1*223 

1*4506 

68 

1 T 76 

1*4240 

51 , 

IT 30 ' | 

1*3980 

84 

1*220 

1*4489 

67 

1 T 73 

1*4223 

60 

1 T 28 

1*3969 
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Specific Gravities and Refractive Indices of Aqueous Solutions of 
Chemically Pure Glycerin (SkahveU) 


Glycerol. 
Per cent. 

Sp. Gr. 
at 15“ C. 1 

15“ G. - 

Glycerol. 
Per cent. 

Sp. Gr. 
at 15“ C. 

"M ot 1 

15“ C. 

Glycerol. 
Per cent. 

Sp. Gr. 
at lie C. 

at 

15“ U. 

0 

1*0000 

1 -3330 

34 

1-0858 

1*3771 | 

68 

1-1799 

1 -4265 

1 

1 0024 

1-3342 

35 

1-0885 

1-3785 | 

69 

1T827 

1-4280 

2 

1-0043 

1 -3354 

36 

1-0912 

1-3799 

70 

1-1855 

1-4295 

3 

1-0072 

1 -3306 

37 

1 -0939 

1-3813 

71 

1-1882 

1-4309 

4 

1 -0096 

1-3378 

38 

1 -0966 

1 -3827 

72 

IT 909 

1 -4324 

5 

1-0120 

1-3390 

39 

1 -0993 

1-3840 

73 

1T936 

1 -4339 

6 

1-0144 

1-3402 

40 

1-1020 

1-3854 

74 

1-1963 

1-4354 

7 

1-0168 

1-3414 

41 

1-1047 

1 -3868 

75 

1T990 

1-4369 

8 

1-0192 

1 -3426 

42 

1-1074 

1 -3882 

76 

1-2017 

1-4384 

9 

1-0216 

1-3439 

43 

l-liol 

1-3896 1 

77 

1-2044 

1-4399 

10 

1 -0240 

1-3452 

44 

1-1128 

1-3910 

78 

1-2071 

1-4414 

11 

1 -0265 

1 -3404 

45 

1-1155 

1 -3924 

79 

1 -2098 

1 -4429 

12 

1 -0290 

1-3477 

46 

1-1182 

1-3938 

SO 

1-2125 

1-4444 

13 

] -0315 

1-3490 

47 

1-1209 

1-3952 

81 

1-2152 

1*4460 

14 

1 -0340 

1 -3503 

48 

1-1236 

1-3966 

82 

1-2179 

1-4475 

15 

1-0305 

1-3510 

49 

IT 263 

1*3981 

83 

V2‘M 

1-4490 

18 

1 -0390 

1 -3529 

50 

1T290 

1 -3996 

84 

1-2233 

1-4505 

17 

1-0 115 

1-3542 

51 

1-1318 

1-4010 

85 

1-2260 

1-4520 

18 

1-0440 

1 -3555 

52 

IT 346 

1-4024 

86 

1*2287 

1-4535 

19 

1-0465 

1-3568 

53 

1T374 

1-4039 

87 

1-2314 

1-4550 

20 

1-0490 

1-3581 

54 

1T402 

1-4054 

88 

1-2341 

1 -4565 

21 

1-0510 

1 -3594 

55 

IT 430 

1-4069 

89 

1-2368 

1-4580 

22 

1-0542 

1-3007 

56 

1T458 

1-4084 

90 

1 -2395 

1 -4595 

23 

1 -0508 

1-3020 

57 

1 -I486 

1*4099 

91 

1-2421 

1-4610 

24 

1-0594 

1 -3633 

58 

IT 51 4 

1-4104 

92 

1-2447 1 

1-4625 

25 

1 -0020 

1-3047 

59 

1T542 

1-4129 

93 

1-2473 

1-4640 

26 

1 -0646 

1-3060 

60 

1 -1 570 

1-4144 

94 

1-2499 

1-1655 

27 

1 -0072 

1-3674 

61 

1-1599 

1-4160 

95 

1*2525 

1-4670 

28 

1 -0098 

1 '3687 

62 

1-1628 

1-4175 

96 

1-2550 

1-4684 

29 

1 0724 

1-3701 

63 

1-1657 

1-4190 

97 

1 -2575 

1-4698 

30 

1-0750 

1-3715 

64 

1-1686 

1-4205 

98 

1 -2600 

1-4712 

31 

1-0777 

1 *3729 

65 

IT 71 5 

1-4220 

99 

1 -2625 

1-4728 

32 

1-0804 

1-3743 

66 

1-1713 

1 -4235 

100 

1-2650 

1-4742 

33 

1-0831 

1-3757 

67 

1-1771 

1-4250 






It must be distinctly understood that the numbers given for the 
refractive indices hold good onl y for the stated temperatures. I lie 
variations due to changes of temperature may be gathered from the 
following table : — 


Specific Gravity. 

• 

Variation of Refractive 
Index for 1“ C. 

Observer. 

1-25350 

0-00032 

Listing. 

1 -24049 

0-00025 

Van der Willigen. 

1 T9‘28t* 

0-00023 

>> 

1-16270 

0-00022 

»• 

1-11463 

0-00021 



1 Value of 16° 0 = 1. 

- W|D] is the refractive index for the sodium lino D. 
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The variation in the case of pure water is 0*00008 for 1° 0. 

With a view to eliminating slight errors due to the adjustment of 
the instrument, Lenz recommends to take the refractive index of water 
immediately after the sample of glycerin has been examined, of course 
at the same temperature. Thus the numbers given in the following 
table were obtained :~ 


Differences between the Refractive Indices of Aqueous Solutions of 
Chemically Pure Glycerin and of Pure Water (Lenz) 


Glycerol 

Glycerol 
“ ^iDl 
Water. 

Glycerol 

%) 

Glycerol 

Water. 

Glycerol 

Glycerol 

_ 7 t r»i 

Water. 

Glycerol 

*[») 

Glycerol 

“*[#) 

Water. 

Per cent. 


Per cent. 


Per cent. 


Per cent. 


100 

0 T 424 

74 

0 T 046 

48 

0*0645 

22 

0*0288 

99 

0*1410 

73 

0*1032 

47 

0*0630 

21 

0*0275 

98 

0*1395 

72 

0*1018 

46 

0*0616 

20 

0*0261 

97 

0*1381 

71 

0*1003 

45 

0*0601 

19 

0*0238 

96 

0*1366 

70 

0*0987 

44 

0*0587 

18 

0*0225 

95 

0*1352 

69 

0*0970 

43 

0*0572 

17 

0*0212 

94 

0*1337 

68 

0*0952 

42 

0*0556 

16 

0*0199 

93 

0*1323 

67 

0*0933 

41 

0*0541 

16 

0*0186 

92 

0*1308 

66 

0*0915 

40 

0*0526 

14 

0*0173 

91 

0*1294 

65 

0*0897 

39 

0*0510 

13 

0*0160 

90 

0-1279 

64 

0*0889 

38 

0*0495 

12 

0*0146 

89 

0*1264 

63 

0*0861 

37 

0*0479 

11 

0*0138 

88 

0*1250 

62 

0*0812 

36 

0*0464 

10 

0*0120 

87 

0*1235 

61 

0*0824 

35 

0*0451 

9 

0*0108 

86 

0*1221 

60 

0*0806 

34 

0*0438 

8 

0*0096 

85 

0*1206 

59 ! 

0*0792 

33 

0*0424 

7 

0*0083 

84 

0*1191 

58 

0*0780 

32 

0*0411 

6 

0*0071 

83 

0*1177 

57 

0*0768 

31 

i 0*0398 

5 

0*0058 

82 

0 T 162 

56 

0*0757 

30 

0*0385 

4 

0*0046 

81 

0*1148 

55 

0*0745 

29 

0*0372 

3 

0*0033 

80 

0*1133 

54 

0*0731 

28 

0*0358 

2 

0*0021 

79 

0*1119 

53 

0*0717 

27 

0*0345 

1 

0*0008 

78 

0*1104 

52 

0*0702 

26 

0*0332 

0 

0*0000 

77 

0*1090 

51 

0*0688 

25 

0*0318 



76 

0*1075 

50 

0*0663 

24 

0*0315 



75 

0*1061 

49 

0*0669 

23 

0-0302 




In the case of the dilute solutions of chemically pure glycerin, the 
numbers given in the preceding tables, as corresponding to the specific 
gravity and refractive index, indicate the percentage composition less 
accurately than do the methods described in Vol. I. Chap. VI. 

Henkel and Roth 1 determined, therefore, the specific gravities of 
four gravimetrically prepared solutions of chemically pure glycerin 
(varying from 4*9905 to 19*3306 per cent of glycerol), and calculated 
with the aid of interpolation formulae the numbers contained in the 
following table 


Zeits. /. itntjar. ('hem., 1905 , 1936 . 
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Specific Gravities of Dilate Solutions of Chemically Pure Glycerin 



Specific Gravity 
at ir.-i C. 


— 

- 

Glycerol. 

Specific Gravi 
at, l!0 i" C. 

y 

Specific Gravity 
at '-’.VC' C. 

Per cent. 




' 

1 

1*00152 

1 -00059 


0-99939 

2 

1*00398 

1 *00295 


1-00172 

3 

1 ‘00(538 

1*00582 


1 *00407 

4 

1-00877 

1 *00770 


1*00612 

r. 

1*01118 

1-01009 


1*00876 

6 

1*01359 

1-01218 


1*01115 

7 

1-01600 

1 -01488 


1*01358 

8 

1*01851 

1-01731 


1*01591 

9 

1*02097 

1*01978 


1*01832 

10 

1*02344 

1*02217 


1*02073 

11 

1*02592 

1*02462 


1 *02815 

12 

1*02841 

1*02752 


1*02559 

13 

1*03096 

1*02598 


1*02802 

14 

1*03341 

1 *03201 


1 *08047 

15 

1*03592 

1*03449 


1 *03293 

16 

1-03844 

1*03698 


1*03540 

17 

1-04087 

1*03948 


1*03788 

18 

1*04351 

1*04199 


1*04037 

19 

1-04605 

1 04451 


1*04287 

20 

1-04861 

1-04714 


1*04638 


In the case of samples of really chemically pure glycerin the oxidation 
methods should yield theoretical results, but if minute quantities of 
organic impurities have remained in the product, the percentage of 
glycerol will be found too high. This is shown by the following two 
analyses of a commercial “ chemically pure ” glycerin ( Lewlmwitsch 1 ):- 


Comparison of the Acetin and Bichromate, Methods 



Acetin Method. 

Bie.hromate Method. 

Chemically pure glyceriu, specific 
gravity 1*2618. 

# 

99*04 ; 99-17 

101-00; 101-9 


In case the acetin method be resorted to, about 1 grin, of the 
substance is taken, and a somewhat larger excess of acetic anhydride 
than usual must be used in order to ensure complete esterification. 

Ash.— -Theoretically, the proportion of ash should be nil, but as the 
last traces of metals cannot be removed from a product manufactured 
on a large scale, minute amounts of ash will always be found. The 
table given, p. 391, sjjows the ash ascertained in a number of commercial 
chemically pure glycerins. These numbers will afford guidance in 
judging as to whether in any given case the permissible maximum has 
been exceeded. 

The ash may contain traces of sodium chloride. Lime and lead 
1 Analyst, 1903, 1 05. 
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are not met with at present in chemically pure glycerins. The ash will 
chiefly contain copper or iron. The presence of iron is best ascertained 
by treating the glycerin with a dilute solution of tannin. 

The German Pharmacopoeia directs to test for iron by adding to the 
glycerin dissolved in four volumes of water a few drops of hydrochloric 
acid and of potassium ferrocyanide solution. 

Organic Impurities. 1 2 — The presence of organic impurities is due 
to faulty manufacture. They may either consist of acrolein and volatile 
fatty acids, such as butyric acid , or of substances having a higher boiling 
point than glycerol itself. The latter substances may be comprised 
under the name poly glycerols. Organic bases are not likely to be found 
in a chemically pure glycerin, as the taste alone would lead to the 
rejection of such glycerin. 

The German Pharmacopoeia prescribes the following test for esters 
of fatty acids : 50 c.c. of the glycerin diluted with 50 c.c. of water are 

heated on the water-bath for fifteen minutes with 10 c.c. of caustic 

N 

potash. After cooling, the excess of potash is neutralised with ^ 

hydrochloric acid, using phenolphthalein as indicator, when at least 
4 c.c. of acid must be used. 

A rapid u practical J? test for volatile fatty acids is to spread a few 
drops of the sample on the back of the hand, and rub it gently into the 
skin. No smell of acrolein or butyric acid should be then noticeable. 
A more reliable method is to mix the sample with alcohol and con- 
centrated sulphuric acid, and heat it over a llame. In the presence of 
butyric acid the characteristic smell of ethyl butyrate, recalling that of 
pine-apples, will be noticed. 

Acrolein (as also any other reducing substance that may be present) 
is best detected by adding a few drops of a silver nitrate solution to an 
aqueous solution of the sample. No blackening or browning should 
appear after standing twenty-four hours at the ordinary temperature. 

G. F. Beryh 2 is of the opinion that glycerol forms with acrolein an 
acetal-like compound, which he terms glycerolaorylal. 3 

The German Pharmacopoeia, edit, iii., prescribed the silver test in 
the following form : — Heat 1 c.c. of glycerin with 1 c.c. of ammonia to 
boiling, and add three drops of silver nitrate solution. No discolora- 
tion should be noticeable within five minutes. This test was originally 
intended to detect the presence of arsenic, but it is absolutely unreliable 
for this purpose. It is also worthless for the detection of other im- 
purities, as so much depends on the mode of operating, that, on the one 
hand, an impure glycerin (one that has not even been distilled) may 
conform to the test, whereas, on the other hand, a pure glycerin is liable 
to be rejected. At the temperature of boiling water a mixture of 
glycerol and silver nitrate does become reduced at 4 once after addition 
of ammonia (see Vol. I. Chap. III.). If, according to the directions of 

1 Lewkovvitsch, Year-Book of Pharmacy, 1890, 382. 

2 Sneak. Farm, Tidsk. , 1908, 385. 

2 Cp. Les Products chimiques do Croissy, French patents 390,713, 392,978. English 
patent 16,528, 1908. 
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the Pharmacopoeia, such an enormous excess of ammonia be mixed with 
glycerol, ebullition of the liquid may take place before the temperature 
of 100° C. is reached, and in that ease the subsequently added silver 
nitrate will not be reduced. 1 This method must therefore be rejected. 

From these remarks it will be understood that the silver nitrate 
test can be made far more sensitive if a cold ammoniacal silver nitrate 
solution be used in place of neutral silver nitrate. Even the minutest 
traces of organic impurities, such as acrolein or organic bases, are thus 
detected. 

Acrolein may be also detected by one of the tests described Vol. I. 
Chap. III. 

Sugar. — When glycerin is high in price adulteration with sugar 
(cane sugar or glucose) occurs. The presence of sugars is detected by 
polarimetric examination . 

Polyglyeerols 2 are detected and determined by allowing an accur- 
ately weighed quantity of the sample to evaporate gently at 1(K)° C. 
Care should be taken not to heat too rapidly, otherwise even the purest 
glycerin may become polymerised with the production of the very 
substances that are to be detected. From the weight of the residue the 
weight of ash, subsequently found on incineration, must be deducted. 
The difference (the “ organic residue ”) is a fair indication of the care 
with which the glycerin has been manufactured. 

The following table gives the k< organic residue ” and ash of a number 
of “ chemically pure glycerins ” examined in the author s laboratory ; “ 
they are arranged according to the amount of organic residue they 
contain — 


Organic Residue and Ash in Commercial Chemically Rare Ohjcerins 
( Letvkowilsch) 


No. 

Residue at 160' C. 

Ash. 

Organic Residue. 


Per cent. 

Per cent. 

Per cent. 

1 

0-03033 

0 00603 

0-0243 

2 

0-0276 

0 00300 

0-0246 

3 

0*0377 

0-005 

0-0327 

4 

0*0498 

00138 

0 0360 

5 

0-0152 

0-0081 

0 0371 

6 

0-0509 

0 0066 

0 0443 

7 

0-0656 

0 0139 

0-0517 

8 

0-0748 » 

0-0140 

0-0738 

9 

0-0905 

00154 

0-0751 

10 

0-1047 

0-0190 

0-0857 

11 

01236 

0-0305 

0-0931 

12 

01621 

00183 

0-1488 

13 

0-8060 

0-2090 

0-5970 

9 


Rules for the valuation of commercial chemically pure glycerins may 

1 It may be mentioned that this Pharmacopoeia test met with a strong protest, on the 
part of a number of German glycerin manufacturers, who deckled macucu at m ie> 
could not supply an article satisfying this test. 

2 Lewkowitsch, Year-Book of Pharmacy, 1890,382. 
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be derived from this tabic. The first six samples certainly deserve the 
name of chemically pure glycerin, the following four samples represent 
lower qualities unfit for pharmaceutical purposes, whereas the last two 
samples are merely glycerins refined by distillation ; the last sample 
would be rejected as unsuitable even by dynamite makers. 

Sample No. 2 represents chemically pure glycerin manufactured by 
the author on a large scale from soap-lye glycerin. 

One of the most important tests in the examination of chemically 
pure glycerin is the test for Arsenic. 

This metal should be wholly absent. It should be borne in mind 
that if once arsenic has found its way into glycerin, it cannot be removed 
by the usual processes of refining, 1 * * as glycyl arsenito, As0 3 ((J 3 II 5 ), the 
substance formed when arsenious acid is dissolved in glycerin, distils 
over with the latter (Vol. 1. Chap. HI.). Hence many commercial 
brands are contaminated with arsenic, some to such an extent that they 
are decidedly harmful when used for medicinal preparations, or otherwise 
taken internally. 

A rapid and extremely sensitive test for arsenic is Gulzeil's test : — 

Place 2 c.c. of the sample in a high test-tube, add some zinc, free 
from arsenic, and a few c.c. of pure dilute sulphuric acid. The test-tube 
is then covered with a tightly fitting cap of filter paper, two or three 
layers thick, the innermost layer having been previously moistened, bv 
the aid of a glass rod, with a. 50 per cent solution of silver nitrate. In 
presence of arsenic arseniuretted hydrogen is given oil. After ten 
minutes’ standing the paper cap is taken off and examined. No deep 
yellow stain must be noticeable on the inner fold ; only a slight yellow- 
ish coloration may be permissible. The yellow compound formed if 
arsenic be present consists, as Poleck and Thummel* have shown, of the 
double salt As Ag 3 (AgN0 3 ) 3 . This salt is decomposed by three molecules 
of water into As(OII ) 3 + 3HN0 3 + 6Ag. Hence the yellow stain rapidly 
disappears, if moisture be present, or even if too much water vapour be 
developed from the test solution, in which case the paper cap becomes 
black through separation of metallic silver. It is not advisable to use 
hydrochloric acid, as, if the solution becomes too hot and is too con- 
centrated, hydrochloric acid gas maybe given oflv when the formation of 
silver chloride masks the yellow colour. Poleck and Thmmnel give as the 
limit of sensitiveness 0-005 mg. As 2 0 3 , Beckurts 3 gives 0-002 mg. As 2 0 3 . 
Fluckiger estimates that a stain appears if arsenious acid be present 
only to the extent of 0-001 to 0-0001 mg. (In Marsh’s apparatus even 
smaller quantities of arsenic can be discovered, but such accuracy is 
usually not required in the examination of glycerin. 4 ) 

This test is so extremely sensitive that it is absolutely necessary to 

1 Lewkowitsrh, Year-Book of Pharmacy, 1890, 380. % 

* Arch, der Pham., 222 (1884), p. 19. 3 Jnhrb. der Pham., 1883, 475. 

4 With regard to the use of the Marsh apparatus, cp. “ Detection and Determination 
of Arsenic/’ Reprinted from the Journal, of the Society of Chemical Industry, Eyre and 
Spottiswoode, London, 1901 ; cp. also Gotthelf, Jaunt. Soc. ('Item. IniL, 1903, 191 ; 
Goode and Perkin, Journ. Soc. Chcm. Ind., 1906, 507 ; G. Loekemann, Xeitx.f, auyew. 

Chm., 1905, 416 ; Journ. Soc. Chem. Ind., 1907, 1115. 
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make a blank test side by side with it, using the same reagents. The 
silver nitrate test is almost too delicate (although there are commercial 
glycerins which will not show any coloration after ten minutes) and 
lias therefore been replaced by a less rigorous one, in which a concentrated 
solution of mercury bichloride is substituted for silver nitrate. A 
glycerin is considered as practically free from arsenic if no vellow colora- 
tion appear after ten minutes. If mercury bichloride be used, hydro- 
chloric acid may be employed instead of sulphuric acid. 

The composition of the yellow body formed in this reaction was found 
by Franceschi 1 to be AslI(Hg(T 2 ). The substitution of mercuric 
chloride for silver nitrate was first proposed by M micron and Bergerd? 
Fiiichiger 3 gives as the limit of sensitiveness (MX >2 mg. As 2 0 3 . 

It should, however, be noted that the sulphuretted hydrogen, which 
is evolved if sulphides be present, also produces a yellow stain. In 
order to exclude errors, sulphides must be oxidised first to sulphates 
(with permanganate solution, potassium, chlorate, or iodine). The 
author tested for presence of sulphides by proceeding as in (intzcit s test, 
but substituting a paper cap moistened with lead acetate instead ot 
silver nitrate ; a black stain points to the presence of sulphides. With 
a view to detecting sulphides and arsenic in one aud the same sample, 
it has been proposed to pass the gas evolved through a solution of toad 
acetate before it comes into contact with the paper cap. As this met io< 
involves the use of cumbersome apparatus, it has been suggested to 
conduct the gas over paper, moistened with lead acetate (I)owzciu ) 
and then dried (Hill and Collin. s 5 ), whereby sulphuretted hydrogen is 
retai n ed 

If the arsenic, be present in the higher state of oxidat ion (as arsenate), 
a somewhat prolonged time (Bird*) is required tor t lie reduction to 
arseniuretted hydrogen; in order to accelerate the reduction some 
stannous chloride solution (free from arsenic) may >c a< <- ci 0 u 
sample. 5 


The bulk of chemically pure glycerin is used in pharmaceutical 
practice, and for keeping tobacco (snuff) moist . It is further 
for preserving meat and fruits, and also in the n, aconite,,, pr css 
extracting delicate pennies from flower*. It* «*« >" aml 

wine industries may also be mentioned. 


A careful estimate made In, the author would lead to the 
that the quantity of soap-lye crude made m this conn.' >> ‘ ' f 

approximately 25,000 tons per annum. To this should he added 
crude glycerin obtained in the candle industry 'vine . “ 
amount to about 500 to 600 Ions per annum. For sta mtical data as 
imports into, and.exports from, this country see pp. M2 

The quantity of soap crude glycerin made in the timted Mates may 


1 L’Orosi, 18, 289. 

Arch. d. Phann ., 1889, (27) 

4 (Viemist and Drwjipsi, 1900, 478. 
r > Ibid., 1905, 548. 


- (lowpi. rend., 1871 (79), 118. 
« Analyst, 1901, 181. 
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be taken to amount to about 13,000 tons per annum. From the candle 
industry there are obtained a further 4000 tons, leading to about 
16,000 to 17,000 tons of crude glycerin produced in the States. The 
import of crude glycerin from Europe approximated to 17,000 tons 
in 1907 (and 15,000 tons in 1906). In 1909, 20,000 tons were imported, 
and in 1911 and 1912, 17,300 tons and 12,700 tons respectively. 

The official statistics given for Germany are collated in the following 
table 


Imports into, and Exports from, Germany of Crude Glycerin 1 


1 

1 

_ . — . ) 

Imports. j 

Exports. 

1 ' 

Metric tons. 

Metric tons. 

I 1905 

4952 1 

584 

! 1900 

3529 

2136 

1 1907 

2947 

2142 

1908 

5375 

1292 

! 1909 

3530 

1580 

I 1910 

4085 

1080 

1911 

5148 

2410 

i 1912 

5875 

2310 

1913 

5374 

2237 

% .... 

i*;, 

_ 


Imports into, and Exports from, Germany of Distilled Glycerin 



Imports. 

. 

Exports. 


Metric tons. 

Metric tons. 

1905 

713 

3513 

1900 

008 

2324 

1907 

780 

1743 

1908 

721 

2108 

1909 

080 

2354 

1910 

914 

2594 

1911 

1241 

2403 

1912 

1188 

3751 

1913 

1107 . 

8937 





Technology of Waxes 

At present the technology of waxes has not the same commercial 
importance as that of the natural oils and fats, inasmuch as the quantity 
of the waxes furnished by plants and animals is mucfc more restricted 


In addition to this — 

* 8o:ip Lyes. 

Imports. Exports, 

tons. tons. ' 

1908 

4775 

14 

1909 

5682 

» 

50 
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than that of oils and fats ; it would, however, appear that with the exten- 
sion of bee-keeping as a house industry, the supplies of beeswax could 
be easily increased. Wool wax also could be readily obtained in much 
larger quantities than has been the case hitherto, if a more remunerative 
use than the present one could be found for it. Vegetable waxes, 
although very widely distributed in nature, occur in such small quantities 
that their recovery, if practised as the chief industry, must remain 
expensive, but it may become feasible to obtain in large quantities as 
by-products such waxes as Rhimba and sugar-cane wax, especially the 
latter, as the enormous quantities of sugar cane worked up in tropical 
countries would appear to furnish the material for this hitherto neglected 
product. 

On account of the restricted quantities that are available, the prices 
of waxes are very much higher than those of oils and fats. As the 
alcoholic constituents 1 * of the known waxes are not yet obtainable from 
any other source, the synthetical preparation of waxes cannot yet be 
looked upon as a problem that is likely to be realised in the near 
future. The few waxes that have been prepared synthetically have 
been enumerated in Vol. I. Chap. I. 

As waxes are not digestible, their preparation for edible purposes 
cannot be entertained. 


The chief uses to which the natural waxes are put have been 
detailed already in Vol. IT. pp. 802-93(5. ft. is therefore only necessary 
to supplement the remarks made there by some further notes. 

The liquid waxes are chiefly used as lubricating oils (see Chap. XV.) ; 
their technology and examination has been considered already at length 
(Vol. IT. pp. 862-874). For oxidised oils from liquid waxes, ep. p. 170. 

The * solid waxes are used in their original state, or at most after a 
simple preliminary purification by remolting, for the manufacture of 
candles, polishes, insulating compounds, plastic masses, phonograph 
masses, emulsions, modelling wax, and in pharmaceutical practice foi 
the preparation of cerates, salves, ointments, eic. 


The saponification of waxes * is not carried out on a comnieicial 
scale. The attempts to saponify wool fat by means of lime in an auto- 
clave {Buisme 3 ), or by other agencies, 4 and to prepare a soap from wool 
fat have not proved successful, and the industry connected with the 
working up of wool fat must still be classed with those considered under 
“ Waste Waxes ” (see Chap. XVI. p. 432). 


1 For a “vaseline-like” preparation, stated to be made Iron) the higher alcohols 
occurring in spermaceti, and sold under the fancy name “cetosan,” ep. h. Blatz, Pharm. 

Zentrnlh., 1908, 535* J . , . , , , • f 

* Montanwax (p. 278) may be considered as obtained by hydrolysis of a natural 

vegetable wax occurring in (or representing) lignite bitumen. . , ..... 

■a Cn German patent 32,015, Violette, Bmsine and \iuchon (A wddeutsche 0 oil- 
Mmi^kiuutKavimi/ariispinnerei), and German patent 99,502 (G. Schmidt; ; German 
patent 134,183 (Hopkinson, Cowley, and Illingworth). 

4 German patent 55,110. 
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Wax Candles 
(a) Sperm Candles 

Sperm candles are made from refined spermaceti. They are at 
present still used for illuminating; but have been almost completely 
ousted by the cheaper stearine and paraffin candles. Until recently 
sperm candles were employed as the standard for photometrical measure- 
ments by gas examiners in this country, and are still in use for this 
purpose. 

Spermaceti alone cannot bo employed for candles, as the material 
is too brittle. The rules for the preparation of standard sperm candles 
for photometrical purposes, published by the Metropolitan Gas Referees, 1 
prescribe that for the purpose of rendering spermaceti less brittle, best 
air-bleached beeswax, melting at, or about, 144° F. (G2° 0.), shall be 
used (and no other material), and that the proportion of beeswax to 
spermaceti shall be not less than 3 per cent, nor more than 4*5 per cent. 
The spermaceti itself shall be so refined as to have a melting point 
lying between 112° F. and 115° F. (45°-46° C\). The melting point is 
to be determined as follows : — 

“ A small portion of the spermaceti is melted by being placed in 
a short test-tube, the lower end of which is then plunged in hot water. 
A glass tube drawn out at one end into a capillary tube about 1 mm. 
in diameter is dipped, narrow end downwards, into the liquid spermaceti, 
so that when the tube is withdrawn 2 or 3 mm. of its length are filled 
with spermaceti, which immediately solidifies. The corresponding 
part of the exterior of the tube is also coated with spermaceti, which 
must be removed. The narrow part of the tube is then immersed in a 
large vessel of water at a temperature not exceeding 100° F. (37*8° (J.). 
The lower end of the tube, which contains the spermaceti, should be 
three or four inches below the surface and close to the bulb of a thermo- 
meter. The upper end of the tube must be above the surface and the 
interior of the tube must, contain no water. The water is then slowly 
heated, being at the same time briskly stirred, so that the temperature 
of the whole bulk is as uniform as possible. When the plug of spermaceti 
in the tube melts it will be forced up the tube by the pressure of the 
water. The temperature at the moment when this movement is 
observed is the melting point.” # 

Spermaceti candles, like stearine candles, can be moulded in candle 
machines. 


(b) Beeswax Candles 

Beeswax candles are, as a rule, not moulded like the <?andles described 
p. 282, as they adhere strongly to the moulds of the candle machine ; 
even if they are detached from them, they lose their shape, or crack 
(cp. below). The tapers and thicker cables of beeswax are made by 

1 Jour it. Soc. Chew, hid., 1894, 65. 
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“ drawing/’ i.e. pulling a wick by moans of simple machinery through 
the melted wax, and then through a die until the cable has acquired the 
desired thickness. Large wax candles are made by “ pouring ” melted 
beeswax at a suitable temperature on to a wick hanging vertically from 
a hoop. When the layer has cooled, fresh layers of wax are poured on 
to it until the candle has reached the desired thickness. The candles 
are then rolled on a marble slab under a board until they assume the 
desired length. 1 Finally, an even surface is gi ven by dipping the earn] les 
in melted wax at a somewhat high temperature. Beeswax candles, 
therefore, show concentric layers, wliich can be easily peeled olf, if 
necessary, for separate examination. In order to lender the beeswax 
plastic and prevent the cables or candles from st icking a small quantity 
of oil of turpentine is added (Yol. II. p. 898). 

The thickness of the wick, and the preparation of it for the candle, 
requires great circumspection. Twisted or plaited wicks are now 
supplied to the trade by special works. The “ pickling ” of the wick 
is done in a manner similar to that employed in the manufacture of 
stearine or mixed stearinc and paraffin candles (see p. 283). The solu- 
tions chiefly in use arc composed of ammonium salts containing boric 
acid and a small amount of a bismuth salt. 

Recently a machine has been constructed for producing beeswax 
candles by “ dipping ” ; it is claimed that the output is much larger 
than can be obtained by the methods described above. 2 The processes 
of decorating and painting beeswax candles fall outside the scope of 
this work. It may, however, be pointed out that coloured candles may 
require to be examined for poisonous metals. 

Yellow beeswax candles are largely used for ritual purposes, but 
as they are apt to burn with a smoky flame, bleached beeswax is 
preferred. 

The candles burned in Greek Catholic churches must consist of 
pure beeswax. The wax for such candles, if white, is air-bleached, as 
chemically bleached wax yields a candle of a coarse and crystalline 
texture (“grain”), which does not burn satisfactorily. 1 he Roman 
Catholic Church formerly required the candles to be made of pure 
beeswax ] recently, however, the admixture of a certain amount of 
other candle materials has been permitted. The candles made for 
ritual purposes in this country contain 75, G5, and 25 per cent, respect- 
ively, of pure beeswax ; the percentage of pure beeswax is stamped on 
them. In such candles the joarso grain of chemically bleached wax 
is obliterated (op. Yol. II. p. 898). On the Continent “church-wax 
candles ” are sold winch frequently contain no true beeswax whatever, 
but consist for the most part of stearine, paraffin wax, no more than 
10 per cent of ceresin, and about 5 per cent of carnaiiba wax. The 
examination of beeswax candles for the true amount of beeswax has 

therefore assumed considerable importance. 

The examination of the material is carried out in a manner identical 


1 Bacnar, German patent 234, 0. r )9. *oioao«/T a 

2 J. Kirchens, German patent 170,155; ep. German patent 21 -,896 (J. Kail). A 

pecial contrivance for ascertaining tlie weight ot a " ulst lt 18 1,1 coum ot 

nanufacture is patented by J. Kirchens {German patent 160,418). 
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with that described under the examination of beeswax ; the reader 
must, therefore, be referred to Vol. II. pp. 902-925. It may, however, 
be added that beeswax intended for candle-making is not mixed with 
any considerable quantity of Japan wax and carnauba wax, as these 
ingredients, if present to a large extent, render a beeswax candle practic- 
ally useless. Hence candles which contain considerable quantities of 
carnauba wax are free from beeswax. Thus a candle, represented to be 
a beeswax candle, gave on analysis the following results :• - 

Carnauba wax . . . .60 per cent. 

“ Stearine ” . . 25 „ 

Corcsin . . . 15 „ 

It should, however, be pointed out that candles shipped to hot 
climates are now admixed (“ hardened ”) with 5 to 10 per cent of white 
(bleached) carnauba wax or of niontanwax, or they are “cased ” with 
these materials by dipping. In the United States a beeswax ” candles 
are made which contain a notable amount of myrtle wax. 

Moulded “ beeswax ” candles are made from a mixture of bleached 
beeswax and spermaceti. In order to prevent the sticking of the 
candles to the tinned moulds, the insides of the latter are generally 
rubbed over with a little oil. 

Wax “ vestas ” consist chiefly of paraflin wax, mixed with a 
little stearine in order to render them opaque ; they are frequently 
“ stiffened ” by the addition of niontanwax or bleached carnauba wax. 

Modelling Waxes. — These usually consist of beeswax, or mixtures 
of beeswax and Japan wax, and copal. They are frequently filled with 
talcum. Sometimes castor oil and glycerin are added, and the talcum 
may be substituted by sulphur or pipeclay. 

Phonograph Masses. — These consist of mixtures of stearic acid, 
carnauba wax, niontanwax, ceresin, etc., to which a colouring matter 
like lamp-black is added. The addition of aluminium stearate has 
been patented. 1 Mixtures to which rosin or asphalt have been added 
have been patented by Winter and Winkler? 


Wax Polishes 

The best wax polishes (for leather, linoleum, furniture, etc.) are 
made by dissolving beeswax in oil of turpentine in the hot. The pro- 
portions of beeswax and solvent are varied according to the desired 
consistence. These polishes are frequently coloured and even perfumed. 
Cheaper polishes are manufactured by substituting paraflin wax (or 
ceresin) for beeswax ; in order to restore the hardness lost through the 
admixture of softer material, carnauba wax or niontanwax is added. 
The oil of turpentine is (in the United States) mostly substituted by 
“ long leaf pine oil ” and by “ wood oil ” (see p. 159) ; it is also fre- 
quently substituted by petroleum hydrocarbons, etc. (cp. p. 160). 

1 New Jersey Patent Co., English putent 3070, 1905 ; German patent 223,276. 

2 German patent 227,208. 
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Inferior polishes contain no beeswax at all ; they consist frequently 
of carnaiiba wax, eeresin, montan wax, paraffin * wax, stearine, and 
fish oil. 1 

Whereas the polishes described above contain little or no water, 
polishing creams are made by treating beeswax with solutions of car- 
bonate of potash in the hot, whereby the whole or part of the free acids 
is converted into soap, which emulsifies the neutral part of the wax. 
These emulsions are capable of “ holding ” considerable amounts of 
oil of turpentine, which is generally intermixed with the best kinds of 
this class of polishes, frequently hard soap is added. Lower kinds of 
“ creams,” such as floor polishes or solutions used for coating (“ sizing ”) 
paper, do not contain any oil of turpentine. 

Boot polishes are made in a similar manner from beeswax or carnaiiba 
wax, montanwax, eandelilla wax. etc. The inferior kinds contain con- 
siderable quantities of stearine, paraffin wax, 2 montanwax, and even 
rosin, etc. The preparation of polishes from the juices of plants of t he 
Euphorbiacea species in admixture with stearin or ceresin has been 
patented 3 (op. Vol. II.). The addition of yolk of egg and egg oil 
has been patented. 4 

Wax varnishes are mixtures of beeswax with linseed oil (raw or 
“ boiled ”) with or without oil of turpentine. 5 

Methods of analysing wax polishes and wax varnishes must be 
adapted to each special case ; the directions given for the examination 
of beeswax (Vol. 11. pp. 902-925), lubricating greases (p. (>5), and 
varnishes (p. 147) must be suitably combined for this purpose. 


Wax Emulsions 

Waxes possess the power of emulsifying considerable quantities of 
water. This property is made use of in pharmaceutical practice for 
the production of pomades, salves, etc., all of which may be looked upon 
as solid emulsions (just as solid lubricants were considered above as 
representing solid emulsions). Wool grease and wool wax possess the 
property of forming emulsions to the most notable extent. In the wash 
waters from woollen mills the wool grease forms so persistent an emulsion 
with the water that it is impossible to separate the whole of the wool 
fat by a cream-separator such us would readily remove the fat from milk. 
This ready emulsifying power is made use of by curriers (in currying 
leather), further in the preparation of salves from wool wax (lanolin), 
and from the constituents into which wool wax cau be resolved ( k ' lano- 
genes ”) (see Chap. XVI. “ Waste Waxes ”), and lithographic inks. 0 
Beeswax gives an emulsion, which is very persistent, with a 1 to 
5 per cent solution of borax. Spermaceti does not show this 

3 

1 TCuki Gos., vorm. C. Mahler and Tie, German patent 244,089. 

2 Cp. II. Sehiifer, German patent 229,423. 

3 Baumeister, German patent 258,259. 

< Johannsson and Co., German patent 234, ^ 28. 

r ’ For vulcanised (bitumen acid) waxes cp. English patent 21,742, 1907 (S. Paterson). 

« French patent 397,923 (Manche, Noclain et Chavet). 
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behaviour. 1 The following table, due to Dieterich, supplies some 
numerical data regarding the emulsifying power of lanolin compared 


with other substances : — 

Give a complete 

100 Parts of Emulsion with 

Parts of water. 

Lanolin ......... 105 

Mixturo of 80 parts of lanolin and 20 parts of olive oil . . 320 

Mixtures of 20 parts of white beeswax and 80 parts of oleic acid . 228 
' Butter fat . . . . . . . . . 105 

Lard ......... 15 

Paraffin wax ........ 4 


For the preparation of emulsions made from waxes (beeswax, 
carnauba wax, wool fat) with mineral oils cp. the patent specifications 
of Vrbaiwk Wallbaum , 3 Knopf* and Th. Svcdben /. 5 
Montanwax, see above, p. 278. 

] Pinkies, tJhcm. Xrit., 1910, 27S. “ Gorman patent 159,520. 

;! English patent 4110, 1900. 4 English patent 17,523, 1907. 

5 French patent. 403,592. 



CHAPTER XVI 


TECHNOLOGY OF WASTE OILS, FATS, AND WAXES, AND THE 
COMMERCIAL PRODUCTS DERIVED THEREFROM 


1. Waste Oils and Fats 

A. FOOTS FROM REFINING VEGETABLE OTLS AND FATS 

In the course of refining Unwed oil , rape oil , and the lowest kinds of 
olive pulp oils by means of sulphuric acid, black tarry masses- foots ” 
— (French, u Crosses ” ; German, Vk Olsalz” Oltrub," " Sanrrlrub ”) 
are ol)tained, wliicli contain, besides carbonised organic matter, rem- 
nants of oil and of fatty acids. These latter substances are to some 
extent mechanically intermixed with the carbonised residue, but are 
chiefly held in solution owing to the strong solvent power of the sulphon- 
ated oils and fatty acids. 

In most linseed oil refineries these, residues used to be thrown away, 
as mere boiling up with water did not lead to the liberation of the 
entangled oil. Owing to the stringent rules of sanitary authorities, 
these residues, even if highly diluted with water, must no longer be run 
into sewers. The crudest way of disposing of these residues is to mix 
them with sawdust and- burn the mass as fuel. A mom rational use is 
to employ them in the manufacture of shoe-blacking and printing-ink. 1 
For the working up of the foots from rape oil see Vol. II. p. 255 ; for 
those from olive oil see \ ol. II. p. -345, and \ ol. III. pp. 1 12, 195. 

Of much greater value are the foots obtained in the preparation of 
vegetable batters (see Chap. XV. j). 50). 

These foots, consisting as tney do of a mixture of soap and neutral 
fat, are generally decomposed with sulphuric acid, and the resulting 
mixture of neutral fat and fatty acids is sold for soap-making purposes. 

The examination embraces the determination of free fatty acids 
and neutral fats. The detection and determination of mineral acids 
and of ash (soda, •time, etc,) should not be omitted, as they frequently 
contain considerable quantities of lime soaps or lime not removed 
thoroughly. 

i British Oil and Cake Mills and A. G. Wass, English patent 23,231, 1900. 

VOL. Ill 401 2 D 
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DTI. 

Cotton Seed Foots 


On refining cotton seed oil by means of caustic soda (Vol. IT. p. 194) 
a precipitate is obtained which consists of a mixture of cotton seed 
oil soap, neutral cotton seed oil, and colouring and resinous matters. 
The precipitate is known in this country under the trade term “ muci- 
lage,” and in the United States of America as “ soap stock.” 

In the latter country the working up of these foots lias assumed 
very considerable commercial importance, as the quantity produced 
in the United States is estimated to amount annually to approximately 

432.000 barrels (of about 40 gallons each), having the value of about 

1. 500. 000 dollars. 1 

American cotton seed foots are worked up for cotton seed foots soap 
(foots soap) and (or) for Uack grease. 

Cotton Seed Foots Soap.— According to the quality and the age 
of the cotton seed worked up for oil, the strength of the caustic lye 
employed, and other conditions affecting the quality of the oil, the 
colour of the “ soap stock ” varies from light dirty yellow through dark 
green to deep red. On exposure to the air the soap stock becomes black. 
Its consistence also varies with the conditions enumerated above, and, 
in addition to this, with the care and skill exercised by the refiner. 
Hence the specific gravity of the soap stock varies from 0*97 to 1*04, 
and the percentage of fatty acids fluctuates between 35 and 150. The 
“ soap stock ” is sold on the basis of 50 per cent fatty acids ; its average 
composition is as follows 


Fatty anhydrides 
Glycerin 

Caustic soda, as Na 2 0 
Foreign organic matter 
Colouring matter 
Water . 


48-50 per cent. 
3-98 „ 

.‘{•gO „ 

5-90 „ 

2-42 „ 

30-00 „ 


100-00 


Wagner and Clement 2 publish the following analysis of an imported 
soap stock 


Water .... 


32-4 per cent. 

Fatty acid as soap . 


38-7 

„ 

Neutral oil -j- Un saponifia bic 

German soap stock from Egyptian 

seeds : — 

I. 

23-5 

ir. 

Water 

. 42-07 


34-35 

Mineral matter 

. 10-52 


8-34 

Neutral oil . 

8-25 


22-79 

Fatty acids , 

. 34-56 


33-18 

TJnsaponifiablc 

. 2-30 


1-91 


1 D. Wesson, Journ. Soc. (Jhm. Ind., 1907, 595. 

2 ZeUs. /. Untera, d. Nahrga - u. (Jenusm ., 1 909 (xvii.), 266. 
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As will be seen, the unsaponi liable matter (crude phytostorol) 
accumulates in the soap stock. 

Hie author found 49 and 51 per cent of total fatty matter in 
cotton seed soap stock together with 0-8 and 0-99 per cent of a 
whitish resinous matter insoluble in ether and in caustic, soda. 

The 48*5 per cent of fatty anhydrides in the above given analysis 
correspond to a “ 50 per cent soap stock/’ The Inter-State Cotton Seed 
Crushers' Association of the United States prescribe the following 
official method for the determination of the total fatty acids in soap 
stock : 8-10 gnus, are weighed out and saponified with alcoholic soda 
solution. The alcohol is driven off and the soap washed out into a 
beaker with 400 e.c. of hot distilled water. When the soap is dissolved 
the solution is acidified with dilute sulphuric acid and heated until the 
layer of fatty acids is quite clear. These are then allowed to solidify, 
the acid liquor poured off through a filter and the cake washed free 
from sulphuric acid, and allowed to dry overnight in a desiccator. 
The fatty acids are placed in a folded filter and extracted in a Soxhlet 
with gasoline for three hours. The beaker is washed with the gasoline 
which is added to the bulk. The gasoline is distilled off and the fatty 
acids dried to constant weight. 1 

Soap stock containing more than 40 per cent of water ferments 
readily ; therefore the refiners, who do not work up the stock them- 
selves for commercial .soap, deliver it to soapmakers in the freshest 
possible condition. In the soapry the soap stock is boiled up with a 
small excess of caustic soda and 1 lien salted out. The dark lye, which 
contains most of the impurities and foreign organic substances, is run 
to waste. The “ curd,” known as “ killed foots,” is washed repeatedly 
with alkaline lyes, and treated as described under ‘‘Soap Manu- 
facture ” (p. 303), when finally a dark yellow to brown soap results. 
The freshly made soap contains approximately 63 per cent of fatty acids. 
As its consistence is somewhat soft, it is allowed to dry in the works 
until it contains about 66 per cent or more of fatty acids. This is one 
of the cheapest soaps made in the United States, and is used there 
largely in the manufacture of low-class soap powders and washing 
powders (cp. p. 337). 

Cotton seed oil being a semi-drying oil, its fatty acids are somewhat 
readily oxi disable, and hence explosions of soap powder made from 
“ soap stock ” must be guarded against (see Chap. XY. p. 337). 

A patent for the recovery of a substitute for shellac from cotton 
seed foots has been taken out by Locsc/iie/h,* who oxidises the alkali 
soap solutions with hydrogen peroxide which converts the bodies of a 
non-fatty nature into a rosin-like mass. These are precipitated togethei 
with the fatty acids by means of dilute mineral acids, and the fatty 
acids extracted from the mixture by means of volatile solvents. 

• 

Enormous quantities of this soap were sent to this country, and 

i Cp. Stiepel, ikifensieder frit, 1909, 1223, and Smalley, Jovru. lad. Jt„g. 
1&1 ‘^(S»u patent 220,582 ; rp. also Stiepel, German patent 219,710. 
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found extensive use, on account of the ow price, in some woollen and 
union goods mills as textile soap, although the employment of such 
soap is distinctly injurious to the goods. But owing to the erection of 
distillation plants in the United States the “ soap stock ” is now worked 
up in the United States for oleine and stearino. 

Black Grease. — When “ soap stock ” cannot be worked up readily 
into soap, nor sold in the fresh state (for a fermented soap stock yields 
a very dark soap), it is treated with sulphuric acid in the hot, when the 
fatty matter rises to the top as a black mass, known in commerce as 
black grease. Most of the black grease obtained in the United States is 
shipped to this country to be worked up as described below. Endeavours 
are, however, being made at present to establish the distillation in the 
United States. 

Egyptian seed, which is crushed chiefly in this country and on 
the continent of Europe, usually “ heats ” during the voyage and when 
stored. In consequence of the changes which the seed lias undergone, 
the crude cotton seed oil has a much darker colour than American crude 
oil, and the “ foots ” obtained from it are almost black. 

Experiments made on a large scale to prepare a saleable soap from 
foots obtained from Egyptian seed have failed hitherto ; hence such 
foots are solely worked up for “ black grease/’ 

Black grease is sold on the basis of the. fatty acids ” it yields. 
The method of ascertaining the amount of valuable fat.t v acids is usually 
agreed upon between buyer and seller, as the fatty acids separated in 
the usual manner after saponifying the grease contain resinous matters, 
so that the customary calculation to oleic acid gives too high results. 
Where no such stipulations exist, it is usual to calculate the total fatty 
acids to oleic acid, as was done in the case of the analysis set out in 
the following table 


Analysis of Black (r reuse (Lewkowihrji.) 



From American Cotton Seed. 

From 

Egyptian 


1 . 

II. 

III. 

Cotton Seed. 




Per cent. 

Per cent. 

Per cent. 

Percent. 

Total fatty acids calculated to oleic 

89 -1‘ 

88-3 

91-04 

92'(j 

Free, fatty acids calculated to oleic . 
Volatile fatty acids calculated to 
mean molecular weight 150 . 

50*11 

0-28 



Unsaponitiable matter . 


5‘95 



Saponification value 


191*1 




On a large scale the “ black grease ” is subjected, after a suitable 
preliminary treatment, to distillation in a current of superheated steam, 
much in the same manner as the distillation of fatty acids is carried out 
in candle works (Chap. XV. p. 226). 
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The distillate thus obtained consists chiefly of free fatty acids, and 
is worked up in the same manner as is done in the case of the distilled 
fatty acids of candle works. Thus oleine ” and u stearine ” are 
prepared. The latter is frequently termed in commerce “cotton seed 
stearine,” and must not be confounded witii the true cotton seed stearine 
(vegetable margarine), described Vol. 11. p. 10(5. The still residue is 
sold as “ cotton pitch,” or “ cotton oil pitch.” or ” cotton stearine 
pitch.” 

In the following table are given the. analyses of a set of samples 
obtained on a commercial scale from a “ run ” made with a u black 
grease,” the composition of which is indicated in the first horizontal 
line : — 


Examination <>f a Bind' (ireiisr and the Products derived therefrom 
fLewlcmvitsch) 


Black Urease 
Distilled Urease . 
“Oleine” 

Pressed Stearine (Jake. . 
Redistilled Oleine 
“ White Grease” No. 1 
“ White Grease ” No. 2 
“ White Urease” No. 3 
White Stearine . 


Tiler Tost. 

Acid Value. 

Saponification 

Value. 

*C. J K. 

110-G 

163 


180*6 

189*3 


169*1 

173*5 


201*6 

205*3 


156*2 

1 83 -2 

42-0 107 *5 

196-9 

198*2 

43 - or . 109-5 

201 -1 

202*0 

41-8 113-0 

193*4 

196*7 

51-2 124 

191-5 

192-2 


The amount of ” unsaponifiahle matter ” in the distilled products 
depends to a very large extent on the skill of the operator in conducting 
the preliminary purification and the distillation of the crude, material. 

“ Oleine ” and " stearine ” are used in the manufacture of low- 
class soaps, provided their content of unsaponifiable matter be low , 
otherwise they are employed as lw wool oils and in the manufacture 
of sizes, lubricating greases, etc. If the melting point of the “ stearine 
be high, it can serve as candle material of an inferior quality. Samples 
of stearine so used gave the following numbers on examination m the 
author’s laboratory 

i. li. 


Solidifying Point, . 
Iodine Value 
Unsaponifiable matter 
Acid Value .• 


45*6° 0. 42-f>° C. 

54-9 

5-2 per cent 

198*0 
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B. WASTE ANIMAL FATS 
1. Greases 

Under this head fall all fats obtained from refuse material, such as 
kitchen grease (“ melted stuff ”), ship’s grease (“ Schiffasparfett ”), tripe 
tallow, slaughter-house grease (“ tankage ” grease), bone grease, skin 
grease, greases from carcase-rendering establishments, “ animal grease,” 
“ animal oil,” etc. These greases must be looked upon as varieties of 
lard, tallow, bone fat, horse fat, etc. The chemical examination of 
these greases embraces the determination of the amounts of dirt and 
water, free fatty acids, and unsaponifiable matter. 


(a) Slaughter-hoUvSe Greases 

French — Petits sit if a ; gniisses d’abattoirs. German— >$ khlachthausfelie. 

The recovery of greases from slaughtered animals has assumed the 
dimensions of a large and properly conducted industry since the very 
primitive slaughter-houses, with their extremely insanitary conditions 
and their great waste of valuable material, have given way to large 
establishments, which are worked as adjuncts to the modern slaughter- 
houses, The immense packing-houses of the United States, in which 
the main attention is directed to the economical use of every scrap of 
meat and of all the by-products, have served as models to the European 
establishments. Under the pressure of the various Boards of Health, 
who issued stringent rules regarding the disposal of objectionable refuse- 
products, the slaughter-houses, at any rate in the large towns, can now 
be well compared with chemical works constructed on most modern 
hues. Under the heading “ Lard ” (Vol. II. Chap. XIV. p. 689) there 
has been given already an outline of the mode of working as carried out 
in packing-houses. This need only be supplemented here by indicating 
the method of working up “ tankage,” and of fecovering the different 
qualities of greases. 

All the waste meat, scrap, etc., is collected in large digesters 1 (auto- 
claves), mixed therein with water, and treated with steam under high 
pressure 2 (so as to avoid the escape of noxious or evil-smelling gases). 
After the material lias been well disintegrated (“cooked”), the contents 
are allowed to settle, when the fat which was imprisoned in the meat 
cells (tallow or lard, or a mixture thereof, according to the raw material) 
settles out as an upper layer. The “ grease ” is withdrawn into suitable 
receptacles when it is ready for use in the soap, candle, and other 
industries. The remaining contents of the digesters pc run into large 
“ tanks ” underneath, where a further quantity of “ grease ” separates 
on the top of the aqueous gluey liquor (“soup”), whereas the dis- 
integrated fibres of meat, etc., fall to the bottom. The separated grease 

Gibaml and Ban#, French patent. -102,278 ; ltosenkraiiz, German patent 259,960. 

5 Meyer, German patent 232,933. 
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(“ skimmings ”) is skimmed off and added to the next charge of “ tank- 
age/’ wliilst the aqueous liquor is drawn 1 off and concentrated in 
vacuum evaporators 2 to a syrupy liquid (“ concentrated tankage,” 
“ stick ”). The solid matter in the tanks still contains a considerable 
amount of grease, which is recovered by subjecting the whole mass to 
pressure in hydraulic presses, when water and grease run out ; t he latter 
is added to the next charge of “ tankage ” together with the “ 'skim- 
mi ngs.” The following analyses due to Wright show the composition 
of dried tankage 


I 

1. 

- 

Moisture, per cent 

10-02 

8-24 

Tricalek: phosphate, per cent . 

23-0-1 

11-00 ! 

Nitrogen, per cent 

7-GO 

10-10 j 

Fat, per cent 

15-32 

14-40 I 

1 


0-20 
12-12 
1008 ! 

IG-tW i 


The mass left in the press-cloths is worked up for “ fertiliser ’ by 
transferring it to mechanical (intermittent or continuous) dry ers (ep. 
Vol. IT. ‘‘Mcnlmdcn Oil”), in which the material is dried until it 
contains less than 10 per cent of moisture. 3 It is sold on the basis of 
phosphate and ammonia which it contains. (Thus 7/30 tankage is 
meant- to signify a tankage containing 7 per cent of ammonia and 30 
per cent of phosphoric acid.) 

In many establishments it is usual to mix the “stick ' with the 
hydraulically expressed material in the drying machine. 


In large establishments, lard greases and tallow greases can bo 
recovered separately; in smaller slaughter-houses the products are 
generally mixed on account of the necessity for the rapid disposal of 
the objectionable raw material. 

The following is a list of the best classes of packing-house grease 

obtainable in commerce , , 

While Grease A - -This is made from dead hogs, and in general from 

lard unfit for odil.lo pot,***. (S« Vol. II. Chap. XIV. p. ««•) 

White Grease B.— This is an inferior grade made from the same 

S0UI Tdlow Grease consist* of the fat. from waste portions of all animals, 
chiefly hogs. This grease is generally mixed in the arge establish, nen s 
of the 7 United States with *' kitchen grease, i.c. all kinds of waste fats 
collected from private houses, hotels, restaurants, etc. 

Brown Grease represents the lowest grade of packing-house grease, 
and is made fron* all kinds of offal. 

German patent 212, lit:). 

‘ Suerl Xu, lSngHlwk.1 linl Monty. English patent 21,1)30, 1908. 
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(?>) Bone Grease 

In large establishments all refuse bones which have not been worked 
up for “ neats’ foot oil ” (Vol. II. Chap. XIV. p. 484) and “ bone fat ” 
(see Vol. II. Chap. XIV. p. 746) are kept separate as “ bone tankage,” 
and yield ” bone grease.” “ Bone grease ” is inferior in quality to the 
u bone fats ” (Vol. II. Chap. XIV. p. 746) obtained by the “ boiling-out 
process.” (Two analyses of such greases are given in the table below.) 
A variety of this kind of grease is u pig’s foot grease ” (see Vol. II. 
Chap. XIV. p. 692). The benzine-extracted bone greases have been 
described at length in Vol. II. p. 748). 


(r) Skin Grease 

French— Grume de peaux. German— Hautfett. 

Skin grease is obtained as a by-product in cleaning (scraping) the 
skins of animals, preparatory to the tanning, etc., process. In this 
manner the best kinds of skin grease — “ white skin grease ” and “ light 
skin grease ’’—are obtained. 

As it is impossible t o remove the whole amount of fat by this mechani- 
cal process, especially from “pickled” sheepskins, expression of the 
skins in hydraulic presses (see Vol. II. Chap. XIII.) at a slightly elevated 
temperature is resorted to in modern establishments. 

An apparatus for extracting sheep’s skins with carbon tetrachloride 
has been patented by Charles Dent avd Abel for the Hociete de hinage 
Vervietois Peltzer et (7/e. 1 The greases so obtained are somewhat 
dark in colour ; they are sold as u brown skin grease ” or “ dark skin 
grease.” The skin greases described here must not be confounded 
with the grease obtained from tanned or tawed skins or clippings (see 
below, p. 426). 


id ) Grease from Carcase-rendering Establishments— 
Carcase Fat 

French — Graisse de careasse ; (frame d'equarrimge ; graim 
de criniere. German — Abdeckereifeft , Kadaverfett. 

Since it has been demonstrated that the primitive methods of 
disposal of dead animals (by interring, or by cremating in the open, etc.) 
formed one of the most fruitful sources of spreading contagious diseases, 
sanitary authorities in all civilised countries prescribe stringent rules 
for the destruction, or for the odourless rendering and drying of this 
objectionable material. The practice of the large packing-houses has 
served as the prototype, and in most of the large towns special estab- 
lishments have been erected in which carcases are rendered innocuous, 
whilst being worked up at the same time for commercial products. In 

1 English patent 2S60, 1900. 
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some of the.modern installations designed on the Continent, there seems 
to prevail a tendency to lay more stress on the profits which may he 
derived from the recovery of the by-products than on the primary 
demand that the material be rendered harmless at any cost. Thus 
stress is not only laid on the obtainment of the most valuable product— 
the gi eases— but attempts are also made to work the residues into food 
for domestic animals, instead of disposing of them as k( ' fertiliser.” A 
detailed discussion of these installations falls outside the scope of this 
work, and for a description of some plants introduced on the Continent, 
the reader must be referred to the works quoted in the footnote.* The 
principle employed in the different installations is the same as that used 
in the largo packing-houses of the United States. Dead animals, etc., 
are thrown into large digesters, in which they are treated with live 
steam under pressure (in some cases with close steam, the, moisture 
contained in the carcase being relied upon to supply t Jie necessary water) 
when the fat rises to the top, whilst the solid portions fall to the bottom, 
and an intermediate aqueous layer, holding gluey substances in solution 
or in an emulsion, is obtained. The. fat is recovered in the same maimer 
as described under ‘‘ tankage ” fats. As sanitary authorities do not 
(or should not) permit the aqueous solution to he run into sewers, it 
is evaporated in vacuum evaporators, and worked up into low-class 
glue, etc. 

The fat so obtained is a mixture of tallow, lard, and also of horse fat 
(op. Vol. 11. p. 675). ' 

(e) " Animal Greases Animal Oils ” 

French- - Grumes animates i Indies animates. 

Under this indefinite name a great variety of solid or semi-liquid 
greases are sold, which differ considerably in quality. The best kinds 
of “ animal greases ” would approach those described under (a), just as 
the best kinds of “ animal oils ” would be represented by low grades of 
neats’ foot oil, horses’ fopt oil, horse oil, tallow oil, lard oil. Under the 
term “ animal grease,” or “ animal oil,” must be understood, however, 
waste fats and oils from refuse tallow, scrap fat, skin grease, and all kinds 
of animal refuse fats oils (horse fat, horse oil). As a rule, they are 
of a very dark colour, or almost black. They mostly possess a very 
offensive smell, and contain any proportion of free fatty acids from 10 
to 50 per cent, and even more. 'The proportion of unsaponifiable matter 
in this class of greases is, as a rule, very high ; not infrequently it is 
increased by the fraudulent admixture, of low-class (dark) mineral oils, 

“ recovered grease,” u black grease,’ etc. 

In the following table I collate some analyses of commercial 
greases : — * 

1 Heepke, Die Kadave r - Vent i< 'h tun gnu » la ye n , Halle a/K, 1905; Haefekc, Hand- 
buck des Ab’deckereiweseus , Berlin, 1900; P. Nanmann, < iesnmlheits-hujemeur , 1908, 
225. More recently patented apparatus, not described in tlicse works, are those by the 
Akticn-Mascliinenban-Anstalt, vonn. Venuleth und Ellenbergcr, French patent 394,070 ; 
Lohbauer, S. Mear, E. W. Hollingshead and FI. E. Moody, English patent 21.630, 1908. 
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(/) “ Fish Stearin e " “ Whale Grease " 

French — “ Stearin e ” de poissons ; snif de haleinc. 

The manufacture of “stearines,” as ohtaiucd from individual species 
of animals, has been described under the heading of “ Fish Oil,” “ Seal 
Oil,” “Whale Oil.” The practice of large rendering establishments 
for fish oil, etc., simulates that of the packing-houses. The “ fish- 
stearine ” of commerce is of varying composition, and represents either 
the solid glycerides from fish oils, end liver oil, seal oil, whale oil, or a 
mixture of all these “ stearines.” (With regard to “ Whale Bone Oil,” 
BOO Vol. II. p.456.) 

The following table, due to Hajck, gives six analyses of “ fish 
stearines” : — 


Analyses of Fish Stearines 


Fish 

StcariuP. 



Eat, 

Imjmiities. • 

.M fitin" 
Point. 

1 0(1 i ItO 

Value. 

No. 

Per cent. 

•c. 

Ter f flit. 

1 

4-0 

43*5 

i -t'o 

2 

5-fi 

40 '0 

4L0 

3 

5*7 

46-5 

4 10 

4 

5 ‘2 



5 

6-0 

41 *5 


6 

15 '0 

46-5 

. 





Fatty Acids. 

Af ill 

Eat t > 

Solidifying 

Melting 

Valiif. 

Acids. 

Point. 

Point. 


Cf lit. 

° C. 


If)-!) 

00 -2 


41-5 

‘JD-JI 

01 -o 


38*0 

30 -0 

WO 

43 0 

45*0 

20 '0 

1)1 -o 

1 

! 41-75 

403) 

05 "5 

41 ’75 

: 43-50 


80-8 

! 


| 45-0 



The rank, fishy odour which adheres persistently to these “ stearines 
renders them almost, useless for soap-making, and they are therefore 
chieflv worked up into degraa-subditutes, stuffing-greases, otc. This 
holds' good also of the ^stilled fatty acids from fish oils, which were 
brought into commerce on the Continent under the fancy name “ Olid 
fatty acids. Modern modes of rendering whales, etc., make the 
first-class stcarino an Important and valuable, article of commerce. 


T| M , best classes of greases considered in this chapter are used as 
substitutes for tallow, lard, mV. in the soap and candle industries. 
Lower kinds, provided their colour be not too objectionable, and the 
proportion of unsaponifiable matter lie not too high, may lie used for 
low-class soaps. Still lower products are worked up into lubricating 
ureases degras-substitutes (see below), and stuffing-greases 11m 
lowest kinds, sueft as “ animal grease ” and “ animal oil, are treated 
with sulphuric acid, and subsequently worked up into oleine and 
“ Btearine ” by distillation, much in tlve same manner as black grease 
is treated. 

l The impurities include M '"'"-lutly H*eWly trelnUo-liko) substances. 
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As an example may be given the working up of “ fish stearine.” 
Although this waste fat is at present of no practical importance 
to the candle-maker, the results published by Hajek 1 are recorded 
here, as they may deserve attention in case fats again reach the high 
prices of the last few years. 

A somewhat large quantity of washed and dried “ fish stearine ” 
containing 7 per cent of ‘ k impurities ” was autoclaved with 2-5 per cent 
of lime at a pressure of eight atmospheres during seven hours, and is 
stated by Hajek to have yielded 94 per cent of crude fatty acids, con- 
taining 3 per cent of unsaponifiable matter. The yield of glycerin of 
28° Be is stated to have been 7-3 per cent of the autoclaved mass. The 
fatty acids wen; then distilled ; nine samples taken at intervals of two 
hours showed the following characteristics : — 


Sample. 

Colour. 

Appearance. 

Solidifying Point. 

Jlolting Point. 

No. 



* C. 

“C. 

1 

Green 

Forming scales 

46 

4875 

2 

n 

47 -1 

49-2 

3 

White 


47-5 

49'5 

4 

5 

6 

7 

Greyish white 
Grey 

Amorphous, 

- containing 
some crystals 

4775 

48*50 

4875 

47-50 

50-0 

50*25 

1 5075 

49-50 

8 


42-50 

44-50 

9 


Viscous 


36*00 


The total yield obtained on distillation is given as follows : — 


Fatty acids . 


J’er cent. 

95-77 

Stearine Vitch (Goudron) . 


3-50 

Loss (by difference) . 


0-73 


• 

100-00 


Laboratory experiments carried out with a view to increasing the 
yield of candle material by acidifying the fatty* ^cids before distillation 
(cp. “ Mixed Process,” Chap. XV.) did not lead to satisfactory results. 
A summary of the large scale experiment is given in the following 
table : — • 



Per cent. 

“Stearine” (candle material) 

53-10 

Oleine ..... 

36-90 

Stearine Fitch (Goudron) . 

3-29 

Glycerin, 28° He 

7-00 

• 


100-29 


Sei/ensieder ZeiL, 1903, 580. 
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2 . Sod Oii^— Degras 


French— Degras, Moellon. German- — Gerberfeft (Lederfett i 2 ), 
Wembruhefell, Degras 


Sod oil or degras 3 is the waste fat obtained in the chamoising process, 
and is used lor currying purposes, i.e. dressing bark-tanned or chrome- 
tanned leather. 

The skins which are to be converted into chamois leather are first 
“ limed,” whereby they swell and the roots of the hair are loosened ; 
the hair is then removed by the aid of a blunt dressing knife, and the 
unlmired hides are next split in a special machine into “ grain ” and 
flesh and then “ drenched,” i.e. placed in a “ sour bath” made of bran 
and water, in which they are neutralised in consequence of an acid 
fermentation (due to Bacterium furfur is) setting in. The skins are 
stretched and well rubbed with whale or cod liver oil 4 - in the United 
States with menhaden oil 5 — and worked in a fulling machine, “ stocks,” 
so as to become thoioughly saturated with oil. Then the skins are 
taken out and exposed to the air. The same process of rubbing with oil 
and stamping in the stocks is repeated until enough oil has been 
absorbed and the skins appeal quite dry. In consequence of the 
exposure to the air, a portion of the oil has been changed and lias 
entered (as the “practical man” terms it) into “ combination ” with the 
fibre, another portion being only mechanically enclosed within the pores 
of the skin. The ” combined oil ” is that portion of altered fatty matter 
widely cannot be extracted by carbon bisulphide . 6 In order to render 
the “combination” of the oil with the fibre more rapid, a fermentation 
attended with elevation of temperature is brought about by heaping 
the skins together in a warm room and covering them carefully with 
canvas so as to keep the generated heat, in the heap. Overheating, 
however, must be prevented by occasionally turning over the pile so as 
to cool the skins. The “oxidation of the oil” is considered to be com- 
plete when the skins have acquired the yellow colour of chamois leather. 

From the foregoingtdescription, which represents the views held 
by u practical men,” it will be evident that the actual changes which 
occur in the chamoising process are but very incompletely understood. 


i Jean, Monitor Sdentiji m 15, 1*89- Earner, her Gerber, 1890, « Sirnaud, 
her Gerber 1890, 243, 254, 260, 279. dahoda, /sit*. J. anger. Jem.. 1891, J2.». 
K^rion Jour* Soc. Chen. hut . , 1891. 557, 1013 ; 1893, 937. Kuhsam, J,n,rn. tor. 
Chem hut 1892,639. Weis*, JounuSor. Chew, hut., 1893,93/ Jutner, her hertwr, 
1893,' m? Sell initz- Dumont, Dimjl. A* /.««., 298, Nos 9- 1; .W*. £ 

Tn ,{ 1395 815,829. Tortelli, A ninth del hub. (. km. delte 189/, 184. 

term is u very indefinite ’one, as it also embraces “ atuffii.K-Kre.se' and 
leather-muses obtained from tanned skins and Irom leather clippings. 

» )t should bo noted that ill tl,« United States “ degras denote the recovered grease 

,r °“ wTth^grfto^metho,! of examining cod liver oils for tanning purposes cp. 
Trotmai^and Peters, fo r r’|,i s purpose Hitherto this oil, said 

to be sold under the name Jae,m oil, has not beer, obtainable m tempo (Amnm,, 

^.’’aZeder amlPaessler, Journ. So'. Vhm. 1895, 759. 



414 TECHNOLOGY OF WASTE OILS, FATS, AND WAXES 


CH. 


It seems most likely that in the first instance the glycerides are hydro- 
lysed to glycerol and free fatty acids. 1 The glycerin would remain 
unchanged, and is washed away later on, whereas the unsaturated fatty 
acids are readily oxidised under the favourable conditions present 
(access of air at an elevated temperature and presence of putrescible 
organic matter). The nature of the oxidised fatty acids is completely * 
unknown as yet, and it need, therefore, only be pointed out that Fahrion 2 
conjectures that the unsaturated fatty acids are converted into “ per- 
oxides ” (cp. also below “ degras-former ”). A certain amount of 
confirmation of this view may be found in the fact that unsaturated 
acids are somewhat easily converted by ozone into ozonised fatty acids. 

Most of the oil originally applied is found to be left in the “ un- 
combined ” state, and is removed by one of the two following methods : — 

English and German Method.- —If no more oil can be recovered by 
pressing or wringing, the excess is removed from the skins by washing 
with alkaline lyes. The emulsion thus obtained is similar to a wool 
grease emulsion ; like the latter it is acidified with sulphuric acid, and 
the fatty matter separating as an upper layer is skimmed off. This 
fatty substance forms tin; .sod oil of commerce. 

Sod oil, in contradistinction to degras, contains a considerable 
amount of water, soap, and impurities, such as hide fragments, etc. 
The sod oil is frequently dehydrated 3 by heating in a jacketed pan, 
when the water is either evaporated off or settles out at the bottom of 
the pan. Such oil is, however, as Procter 3 states, no suitable substitute 
for the genuine degras prepared by the French method. 

According to Procter? many English manufacturers have adopted 
the French process, so that their product does not differ from French 
moellon. It is a mistake to evaporate ” such sod oil, as the value 
greatly depends on the state of emulsion in which it is kept by the 
water. 

French Method. — The skins are stocked,” aired, and fermented for 
a shorter period than by the English or German process, so that a large 
proportion of the oil can be obtained from the skins by steeping them 
in warm water and wringing or pressing in hydraulic presses. The oil 
thus obtained is called “premiere torse” moellon . The oil still retained 
by the skins is recovered by washing with alkali, as is done in the English 
and German methods, and this is usually added* ft) the moellon. 

Whereas genuine moellon consists only of expressed oil, a second 
quality termed “ secunda degras,” or shortly “ degras,” is prepared by 
mixing genuine moellon with blubber 6ils, or neats’ foot oil, or solid 
fats (such as tallow, palm kernel oil). This product is still included 
amongst better qualities of degras. In fact, according to Procter, 
pure moellon is never sold as such, but is always mixed with, tallow 
and untreated oils ; these admixtures cannot, therefore, be regarded 
as adulterants. • 

1 Indeed Andre Piedaller (CompL rend., 1909, 510) found the fungus Monascus 
parpureus on hides undergoing chamoising, and ascribed the hydrolysing action to an 
oxydase which is secreted by the fungus. 

2 dim. Zeit., 1903, 670 ; Zeits.J. anyew. (dim., 1909, 2083 ; 2135. 

11 Leather Industries Laboratory Book, 1898, 204. 
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Numerous “substitutes” of degras, or artificial degnis (“ eor- 
roine ”), occur in commerce, consisting of highly adulterated degras, or 
of more or less judiciously prepared mixtures of cod, whale, menhaden, 
sardine, Japan fish oils, blown blubber oils, 1 fish stearines, 1 allow, - 
rosin, oleic acid, “ recovered grease ” (p. 432), mineral oil, etc. 

In order to satisfy the great demand for degras, skins are frequently 
worked up simply for its production, being oiled and pressed until not. 
a rag is left. Degras thus prepared must still be considered genuine. 


Both sod oil and degras contain considerable quantities of water, 
which is held in suspension in the form of an emulsion. According 
to Jean, the emulsifying agent is a “resinous substance.” (degrayfoe) 
formed in the course of the oxidation of the oil. 

This u resinous substance ” is an acid ; it has a brown colour, melts 
at 65°-67° C!., dissolves in alkali, but is not precipitated by common 
salt from its alkaline solutions ; it is insoluble in water, soluble in 
alcohol and ether, hut- insoluble in petroleum ether. 

Simand described the same substance under the name “ de<j ms- 
former.” This “ resinous substance,” or “ d&jras-fomer ,” is an oxida- 
tion product (ep. Vol. I.), and most likely belongs to the class of oxidised 
acids. In Fah rion's 3 opinion the “ d&jms-fomcr ” is a mixture of 

oxidised acids (peroxides ; see above) and their anhydrides. ^ 

It is desirable, that tin: use of such unscientific names as “ degras- 


fornier,” “ resinous substance,” be discontinued. 

Most sod oils and degras contain tampon ijkible substances , introduced 
to some extent with the uusaponifiable. matter originally contained in 
the marine animal oils used in their preparation. 

The specific qmtnlif of dehydrated degras is of course higher than 
that of the oils from wJ.iH. it is prepared ; it vanes from OM5 to >0-955. 
The specific Gravity of degras containing water approaches Hit). II 
the dehydrated degras lias a lower specific gravity than 0-920, admixtur e 

of mineral oil may be suspected. 4 

Au examination of several marine, animal oils, according to Lioaches 
method (Vol 1. Chap. VII.). proved, in satisfactory agreement with 
practical experience, that the oils t hat arc best suited for tire production 
of degras absorb the .highest, amount of oxygen. I he proportions o 
oxy.’on absorbed by oiled skins have, been given Vol. 1. Chap. VII. It 
will” be gathered that whale oil is most suitable for this purpose, whereas 

aoerm oil is almost useless. • ... . . , • , r 

p The following table, due to Eitmf » instructive, as showing the 
difference between natural oils and their corresponding sod oils 


i « sm ,,„1 Srfhdwr have patented two methods for lin.par.ng artificial degras, m. 
i bch'll •«>' Sail"- I, aul , hy t ,. t . a(i j ng w itli hydrogen peroxide. 

Iiy I, lowing lil’ii"' , . tallow from waste fate will l>e used for tins 

* Of course, only very low ^ 1891, 558. 



5 her ( ierber , 1893, 257. 
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EXAMINATION OE SOD OIL AND DEGRAS 

1. Determination of Water. — 10 gnus, of the sample are mixed 
with a sufficient quantity of sand to give a solid and almost dry mass. 
This is dried at 120° 0. to approximately constant weight. ' Fahrion 
proposed tho following modus o-perandi , which lias been adopted by 
the International Association of Leather Trade Chemists : — Heat 
10 grins, slowly in a platinum crucible over a small flame until all tho 
water has been driven off ; the end of the operation is recognised by 
the appearance of a slight evolution of vapours. The method given by 
Hopkins , Coburn, and Spill er 1 has been abandoned as incorrect. A 
comparative study of the methods proposed for the determination of 
water in sod oil and moellon has been made by F. W. Alden ? 

French degras contains, as a rule, from 15 to 25 per cent of water, 

' sod oil from 20 to 40 per cent (cp. tables below). 

2. Ash. — This is determined in the usual manner. 3 If tho ash has 
an alkaline reaction, pointing to the presence of soap in the degras, 
the amount of the latter may be approximately determined by boiling 
the ash with water, filtering and titrating the filtrate with standardised 
acid. The amount of carbonate thus found may be calculated to soap. 

French degras contains but a few hundredths per cent of ash, sod oil 
as much as 3 per cent. Tho ash should be examined for iron, as iron 
in degras is apt to stain leather. 4 

3. Mineral Acids. — A preliminary test is made with litmus paper. 
If the degras is found acid, the sample is boiled out with water, and the 
aqueous layer is titrated with standard alkali, using methyl-orange os 
an indicator. 

Schmitz-Bum out drew attention to the possible presence of soluble 
fatty acids, lie advises to exhaust the aqueous solution with ether, 
it -may be more expeditious to titrate the mineral acids as described, 
then to add phenoiphthalein, and to titrate again until the potation 
becomes pink. 

4. Total Impurities.- 10. grms. are digested with petroleum ether 
boiling below 75° C., and the solution is filtered off. The residue on the 
filter is then washed with ordinary ether to remove any free oxidised 
acids, and the sesidue # f£ weighed. The difference between the weight 
of the residue and the weight of ash gives the amount of organic im- 
purities. These latter consist of soap and of hide fragments. The soap 
may be removed by washing the residue with water, and subsequently 
with alcohol. The residue left on the filter is weighed, incinerated, and 

■ 1 Third edition of this work, p. 1124. 

2 Jmirn. Arner. Uttlher Chau. Ash>c., 1907, 12 ; 1903, 335 (L. E. Levi and E. V. 
Manuel) ; up. also Fahrion, Cn/hyium, 1908, 21. 

a According to Vill^i, a syrupy solution of magnesium chloride is extensively used 
for mixing with degras. 20 per cent of this concentrated solution may be added with- 
out being detected” by the appearance of the degras or by an abnormal proportion of 
water 

4 Simand states that as little as 0 05 per cent of ferric oxide lias an injurious action. 
Addition of 500 e.e. of a 1 per cent oxalic acid solution to 100 kg. of degras is said to 
remedy this defect. 

VOL. Ill 2 E 
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weighed again. The difference between the two weights gives the 
approximate weight of hide fragments. The petroleum ether extract 
gives the amount of fatty matte]’ free from oxidised acids ; the ether 
extract contains chiefly the oxidised acids, together with small quantities 
of dissolved soap. The amount of the latter may be determined by 
incinerating and calculating the amount of sodium carbonate found in 
the ash to soap ; the fatty acids of which may be assumed to have the 
mean molecular weight 300. 

5. Unsaponifiable Matter. — This is isolated by saponifying the 
fatty matter, and extracting either the soap solution with ether, or the 
dried-down soap with petroleum ether. The unsaponifiable matter 
may be examined according to the methods described Vol. I. Chap. IX. 
According to Memiier and Vaneij, 1 the amount of unsaponifiable matter 
varies from 1 to 6 per cent, calculated on the anhydrous degras. If it 
exceed the highest figure, adulteration with hydrocarbons, or wool 
grease (op. p. 432), or distilled grease must be suspected. The detection 
of cholesterol is not sufficient proof for the presence of mol grease or 
distilled grease , as low-class fish and liver oils contain notable proportions 
of this alcohol ; but the appearance of a green fluorescence would point 
to the presence of isocholesterol, and inferentially to that of wool grease 
or of distilled grease. Since raw wool grease is not completely saponified 
by means of half-normal alcoholic potash, part of its waxes passes into 
the unsaponifiable portion. I f, on saponifying the latter under pressure, 
or with sodium alcoholate, a definite saponification value is obtained, 
the presence of wool wax may be suspected. From the saponification 
value thus determined the quantity of wool wax may be approximately 
calculated. Confirmation is obtained by acetylating the unsaponifiable 
matter, and examining it according to the methods described Vol. I. 
Chap. IX. Small proportions of vaseline should not be looked upon as 
adulterants, according to Paessler, as this is mostly added in order .to 
give the degras the proper consistence. 2 

G. Oxidised Acids.- These are recovered from the oilier extract 
obtained as described under 4. It is, however, preferable to determine 
their amount in a fresh quantity of the sample by Fahr ion's method 
described Vol. I. Chap. VIII. 

According to Kimand , a sample may be cdTtsidcrod pure if it yield 
at least 12 per cent of oxidised acids, calculated to a degras containing 
20 per cent of water. Good samples contain higher proportions of 
oxidised acids. According to il IeunieS and Van eg, 3 however, even 12 
per cent is too high, for most French moellons of excellent quality contain 
much less, mostly from 2 to 10 per cent. 

7. Free Fatty Acids.— These are determined in the usual manner 
(Vol. 1. Chap. VI. ). The free fatty acids are usually calculated to oleic 
acid. The fatty matter obtained from degras contains, as a rule, 15 to 
20 per cent of free fatty acids. In the commercial valuation of degras 

1 La Tanner ie , )). 008. 

2 Jkri elite d. deutsr.h. Vrrmchmnst. f. Lrderimliisirie , 1908. 

La Tanncric, p. f>01. 
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and sod oil the proportion of free fatty acids plays, however, no 
important part. 

Jean gives the following analyses of seven samples of degras : — 


. . 

1 

2 

3 


6 

6 

7 

Water 

per cent 

18-00 

- — 

14-84 

12-03 

28-00 

19-20 

5-39 

8-90 

Ash . 


0 "25 

0-13 

0-55 

0-70 

0-07 

0 25 

1-21 

Hide fragmonta . 

n 

0-30 

0-30 

o-oo 

0-58 

0-27 1 


1 -59 

Oils . 


69*71 

74-65 

80-00 

66-03 

75-66 

84*87 

72-15 

Unsaponi liable . 


6-81 

6-05 



1 



Oxidised acids . 


4 00 

4'05 

5-81 

3-52 

! 

4-80 

0-46 

16 15 


The following table reproduces fiimand's analyses of some specimens 
of degras and of sod oil : — 




Oxidised 

Acids. 

Melting Point 

Soap. 

Original Degras. 



ot Fatty 
Acids. 

Hide Frag- 
ments. 

Water. 



Per runt. 

B C. 

Per cent. 

Per rout. 

Per cent. 

French degras, anhydrous No. 1 

19-14 

18*0-28-5 

0-73 

0-07 

16-5 


9 

18-43 

28-5-29*0 

0-49 

0-12 

20-5 

n 


18-10 

31-0-31-5 

0-68 

0*18 

12-0 

Sod oil 


20-57 

33-5-34*0 

3-95 

5*7 

35-0 


ff ‘j 

18-63 

27-0-27-5 1 

3-15 

5-9 

28*0 

n 

II M ** 

17*84 

28-0-28-5 

3-00 

4*5 

1 1 

30-5 


The quantitative reactions, such as the determination of the saponi- 
fication and iodine values, have been used by several chemists in the 
examination of degras. It should, however, be borne in mind that in 
this case they afford but little discriminative value. A large quantity 
of mineral oils is inert readily detected by the determination and 
examination of the un. saponifiable matter than by the saponification 
value. 

An exhaustive examination of a number of degras by the usual 
quantitative methods was made by It u ham 1 His results are given in 
the following table * 



[Table 
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Iodine Value. 


Acid Value. 

Saponification Value. 












Mgrms. 
of KOH 
per gram, 
corre- 
sponding 
to 

Lactones. 

No. of 
Sample. 

Water. 

Original 

D6gras. 

An- 

hydrous 

Degras. 

Insoluble 

Fatty 

Acids. 

Acety- 

lated 

Fatty 

Acids. 

Original 

Degras. 

An- 

hydrous 

Degras. 

Original 

D6gras. 

An- 

hydrous 

D6gras. 


Per cent 










1 

19*1 

60*4 

747 

70*5 

73*1 

30*6 

37*7 



38*8 

2 

12-9 

55-9 

64*2 

58*6 

527 

63*3 

72*7 

96*2 

110*4 

28*7 

3 

12-4 

67*8 

77*4 

75*4 

90*4 

35*2 

40*2 

97*0 

110*7 

43*4 

4 

15‘9 

65*9 ! 

78*4 

70*2 

66*6 

42 T 

50*1 

113*4 

134*8 

30*8 

5 

16*4 

65*0 

77*8 

78*5 

76*2 

44*1 

52*7 

114*9 

137*4 

22*4 

6 

11 ‘5 

67*8 

76*6 

76*5 

76*7 

57*4 

64*9 

96*3 

108*8 

53*8 

7 

13 *9 

83*3 

96*7 

95*9 

88*9 





33*1 

8 

17 *3 

69-2 

83*7 

93*4 

102*7 

23 *9 

28 : 9 

83*4 

100*8 

100*4 

9 

16-6 

67*5 

80*9 



43*4 

52*0 

117*8 

141*2 


10 

5*3 

70*5 

74*4 

79*3 

73*0 

51*2 

54 T 

118*6 

125*2 

30*7 

11 


127*7 

127*7 

142*3 

127*4 




163*8 

31*4 

12 



1*26 7 

106*0 

101*9 




186*0 

63*9 

Mean of 
MO 

}• 


78*5 

77*6 

77*7 


50*4 


121*2 

42*4 


The samples 1-9 represent French artificial degras. No. 10 is a 
so-called “emulsion fat,” No. 11 a moellon prepared by Rvltsam from 
the whale oil described under No. 12. The acetyl values given in the 
original paper have been omitted here for the reasons stated in Yob T. 
Chap. VI. 

>S chmitz-Dmmti's results, obtained in the examination of a number 
of degras and commercial products yielding high proportions of un- 
saponifiable matter, are contained in the following table : — 


[Table 
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1 


Oxi- 

disc'd 

Acids. 

Anhydrous Fat. 

No. 



Water. 

Ash . 

in Fatty | saponi- 

Petroleum: Matter.! liablo 
Ether. | ; Matter. 

Acid 

Value. 

Saponilie. 

Value. 

Iodine 

Value. 




Per 

Per 

l’or 

r,, 

Per 

Per 







cent. 

coil. 

cent. 

cent. 

cent. 

cent. 




1 

Degras 

13 '31 

0 82 

0-81 

80-1 

3-1 

11-03 

108-0 

1S5-8 

09 

2 



1005 

0-18 

0-24 

89-5 

3-1 

14-13 

119-0 

188-0 

52-8 

3 



10"24 

0-2S 

0-2S 

89-2 

1-0 

1-19 

104-0 

181’S 

70-7 

4 



8-49 

0 00 

0-31 

91-1 

0-91 

9'25 

34-5 

208-5 

100-0 

5 



17-32 

0-27 

0-14 

82-3 

a 5i 

0-95 

29-2 

200-0 

122-0 

(5 



10-59 

0"20 

010 

89-1 

31 

10-93 

1 12*0 

181-2 

03-9 

7 



1-53 

0-70 

0-04 

97-7 

1-85 

16-17 

112-0 

170 

02-5 

8 

MoSllon, pure 

18-45 

0-07 

0*09 

81-4 

204 

11-05 

25-7 

215-5 

89-1 

9 



19-88 

0 03 

0-40 

79-03 

0-45 

1-46 

47 1 

214-0 

115-0 

10 

Moellon-d^gras 

11-05 

0-03 

0-98 

80-7 i 

3-27 

*2 01 

17-4 

J90-7 

120-0 

11 

Oxidised blubber 

10-43 

0-50 

0-21 

83'80 

1 44 

1-01 

17-0 

192-3 

129-0 



oil 










12 

Oxidised emul- 

7-45 

0-41 

o-os 

92*1 

2-72 

9*74 

17-0 

190-3 

107-8 



8 ion fat 










18 


f D6graa 

13-88 

014 

0 22 

80-8 

40-0 

i 4-00 

35-0 

99-8 

52-9 

14 


.. 

j 14-10 

0-58 

0-97 

84-3 

18-9 

3-73 

32-4 I 

137-4 

80-0 

15 

_ 


25-40 

0 07 

1-25 

73-22 

14-29 

, 5-99 

33 0 

200-4 

101 '8 

16 


( 

18-79 

0-40 

0-31 

NO-44 

23-61 

! 5-33 

l 31-0 | 

135-4 

72-8 

17 


D^yras-moel- 

15-79 

0-05 

022 

83-94 

28-1 

1-84 

40-5 

113-2 

72-1 


~ 

Ion 










18 

'y 

Degras 

7-59 

0-20 

0-33 

91-8 

33-12 

3-39 

39-7 

93-0 

49 H 

19 

cj 

“ Mutton do- 

10-49 

0-31 

0 74 

82-5 

8-5 

5-51 

39-4 

191-0 

104-5 


V 

gras ” 










20 

V 

Ddgras moiil- 

14-29 

0-29 

0-38 

85-04 

14-1 

4-96 

38-1 

180-0 

102-0 



Ion 










21 


Degras 

20-37 

O'OS 

0'45 

79-1 

40-3 

2-95 

24 0 

80-0 

49-5 

22 



30-29 

0-2'' 

0-'2 

09-24 

2-23 i 

0-55 

54-0 

201-0 

90-0 

23 | 

Fat from sod oil 



100-0 

0 71 

| 10-84 

71-3 | 

234-0 

01-9 



. 






1 - — 

— 

— 

j 

- 1 

> ... 


Similar analyses, published by Tortclh, are reproduced in the follow- 
ing table : - 
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Hopkins, Coburn , and Spilin' 1 examined twelve American sod oils. 
The maxima and minima are given in the following table. The numbers 
are calculated in terms of anhydrous sod oil : — 



Mineral 
Acid in 
tt'vins or 

uon. 

Oil, etc., 
soluble 
in Petro- 
leum 
Sjiirit. 

Soap, 

etc., 

soluble 

Alcohol. 

llido. 

VliVA- 

nu'iitu. 

lln- 

saponifi- 

able 

Matter. 

lived Fatty 
! i,s, : d i Acids. 
Anils. ) 

i 


lVr 

l’.T 

| Per 

Per 

Per ' lVr 


rent. 

cent. 

I cent. 

cent. 

Cent. ! cent. 

1T3 

j 50 '02 

U-08 

0-15 

0’37 

1-09 j 02-05 

91-51 

90-00 

8-81 

2 <19 

<12-02 

20-11 ; 1M-20 


Artificial Ihyras 

It has been pointed out already that pure moellon is, as a rule, 
mixed with tallow and untreated oils ; lienee these admixtures cannot 
be regarded as adulterants. Frequently even vegetable oils are admixed 
to degras. A large number of artificial degras are now made by blowing 
fish, liver, and blubber oils 2 with air, in the manner in which “ blown 
oils'" are prepared, or by treating with ozone, in the hope of imitating 
the natural process of oxidation which 1 he oils appear to undergo whilst 
skins are. being converted into chamois leather. Thus Huron 3 prepared 
an artificial floras by blowing neutral wool fat and cod liver oil or whale 
oil, finally treating the mixture with hydrogen peroxide and water. 
This product forms an emulsion with water. These blown oils are 
frequently adulterated with mineral oil. 

A number of artificial degras are now offered under fancy names, 
such as " Corro'iiw ” (a mixture of vaseline and wool fat , emulsified with 
water *),“ Mrim* ” (blown rosin oils), ote. 5 It need hardly be pointed 
out that’ such products are harmful preparations. 


3 . Stitklnu-I J re asks 

French - Hindu it pour peaux. (lerman •--Mereiitfettuwjsmittel, 
Lrdersclnuieren . 


™ nsist of * mixUlre ot witl ‘ I'bT - ski " 

*«sr i «r t 

“i ») “P i" *•'"“•!- fcr-tiy '<« 

1 A var. (fheua Soc.., ,1890 291. 

2 C P . Schill and Sc,1 ^i e, V!r° ' * * Jount. Sue. (them. lwl> 1895, 815. 

: Vultve) ; FremtH ptat 857.M5 i *— * 

166 ^?iSi?a ' miitum of «"» «“ P " r,,0 ” e - 
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soaps of rape oil are used. Some stuffing-greases are .nothing else but 
distilled grease stearine (p. 443) or even “ recovered gTease ” (p. 432) ; 
others again contain a considerable proportion of hydrocarbons of high 
specific gravity, tar oils, mineral waxes, rosin, 1 and even of lime. The 
last r mentioned stuffing -greases must be looked upon as adulterated 
articles which are likely to act detrimentally on the leather. 

Stuffing-grease for tanned leather (such as is used for kid gloves) 
contains egg oil (see Vol. II. Chap. XIV. p. 479), 

Stuffing-greases are employed to give tanned leather the suppleness 
and pliability which is demanded of the finished article, and to render 
it at the same time water-proof. In order to render leather impervious 
to water the application of a mixture of beeswax, paraffin wax, rubber 
solution and mineral oil has been patented by Folsch . 2 The oils and fats 
used for this purpose do not act merely as a lubricant, for a lubricating 
oil (or grease) would not fulfil the desired object, but would rather tend 
to pass through the leather and reappear at the under side as a grease 
stain. (This happens if, e.g., castor oil or ordinary fish oil is used in 
place of a proper stuffing-grease.) The more intimately a stuffing- 
grease is divided over the animal fibre, the better it seems to act, and it is 
for this reason that natural oils and fats are used in conjunction with 
degras, which, being in itself an emulsion of water and fats, has the 
property of emulsifying the added natural oils and fats and distributing 
them in the fibre. The same object is arrived at by employing wool 
grease. As the fatty materials are exposed to the air in a state of 
extremely fine division, oxidation of the unsaturated compounds takes 
place readily. 

The absorption of the stuffing-grease by the fibres tends, at the same 
time, to increase the weight of the leather (“ nourish ” the leather). 

Compositions which are applied to belts in order to prevent them 
slipping consist of mixtures of rosin and rosin oil, fish oils, wool fat, 
castor oil and fallow. 


4. Curriers’ Grease 
French — Grume de combine 

The excess of stuffing-grease which has notjieen absorbed by the 
leather is scraped off by hand ; sometimes it is even “ boiled ” off the 
leather by immersion in hot water. The product so obtained is known 
as “ Curriers’ grease.” 

Crude curriers’ grease contains fibres from the skin and other 
impurities, in addition to those originally contained in stuffing- 
grease. The crude grease is purified, either by melting over water 
and subsidence, or by hot-pressing in a hydraulic press. 

If the original stuffing-gTease consisted of fairly good tallow and 

1 Lnnd (English patent 19,495, 1906 ; German patent 195,410) claims the admixture 
of glutin or albumen to stuffing-greases. H, Soli owal ter (Frencli patent 357,625) pro- 
tects a mixture of ordinary fish oil with a caoutchouc solution in oil of turpentine and 
aniline oil. 

•* ' l French patent 417,810. 
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whale stearine, then the commercial curriers’ grease obtained from it 
(“curriers’ hard grease”) represents a light brown mass, containing 
small amounts only of unsaponifiable matter and. of free fatty acids. 
Such greases can therefore be employed, and are indeed employed, in 
the manufacture of low-class soaps. If, however, the original stuffing- 
grease contained a large amount of unsaponifiable matter from whale 
grease, or considerable quantities of fish oils and whale oils, then the 
proportion of oxidised acids and unsaponifiable matter is, of course, 
high. Such inferior curriers’ greases arc therefore entirely unsuitable 
for soap-making and are sold as “animal grease,” or, if the consistence 
be very soft, as “ animal oil ” (see p. 409). 


5. Waste (I ukases from Leather 

French — G misses mjenerees de at ins 

These greases are considered here separately from those described 
under 1. (p. 406), as their composition is not yet completely known. 


(a) Extracted Grease from Tanned Skins 
French — Graissr. prove mint des runs tonnes 

During recent years the removal of grease from tanned skins has 
assumed 'the dimensions of a large-scale chemical operation. Hides 
and skins, even of the largest size, are now extracted with “ benzine ” 
(in hermetically closed square tanks) in a manner simulating the 
extraction of seeds, etc. (see Yol. 11. Chap. XIII.). The composition 
of the grease from tanned leather has not. yet been ascertained. It 
contains considerable quantities of unsaponifiable matter, and (perhaps 
in consequence thereof) possesses the property of emulsifying a con- 
siderable amount of water. 1 The consistence of this grease is that of a 
thin salve. The “ benzine ” used for “ degreasing ” the leather should 
distil mainly between 90° C. and 100° C. ; small quantities only should 
distil below or above Ifhesc limits* With regard to the use of carbon 
tetrachloride 3 in place of benzine op. Vol. II. Chap. XIII. A method 
of degreasing skins, by the action of an electric current m alkaline 
solution has been patented by Lehmann Other methods have been 
patented by Deroa? In order to purify these extracting greases 
CoEIeto 6 extracts the skin wjf-h a volatile solvent, filters the solution 
in the hot and evaporates off the solvent. The resulting crude fat is 
brought to a temperature of 100” C. and treated with an oxidising 
mixture (alkaline permanganate, chromic acid, nitric acid or hydrogen 
peroxide). * 

i Private comnrallicatiou ' from J- W®" 1 - 

- Trotniau, Joum. .‘tic. Chen i. Ind., I90t>, - 

: «-• "*• mo > "• m ‘ 

ib4V2.noo. 
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(h) Grime from Wash-Leaf her Guttings 
French- Grume prove mint des rofjnnres de peaux 

Wash-leather cuttings and clippings from tawed skins, which are 
worked up for the manufacture of glue, contain considerable amounts 
of grease which must be removed from the solution of gelatin. The 
cuttings are submitted to a preliminary steeping in lime water, whereby 
a portion of the free fatty acids is converted into lime soap. The 
steeped clippings are then boiled up with water, when the grease rises 
to the top as a scum, which can be readily skimmed off. The crude 
grease is boiled up with sulphuric acid to decompose the lime soap. 
The mixture of free fatty acids and neutral fat which rises to the top is 
sold for making low-class soaps- especially on the Continent — under 
the name of “ Leimfett,” Sudfett.” 


(c) Grease from Leather Refuse. 

French Graisse prove nant de debris de euirs 

Owing to the rise in the price of fats in 1907 attention was directed 
to the fat contained in leather clippings. The cuttings of leather from 
tanneries and boot factories were extracted with petroleum ether 
before they were converted into manure, or (prussiate) char. According 
to Lob 1 sole -leather is practically free from fat, whilst " uppers ” 
contain from 8 to 28 per cent ; leather made from horses’ hides contains 
much less fat t han do calf skins. The waste leather chips (“ Blanchier- 
spiine ”) obtained on dressing the stuffed and finished leather contain 
up to 40 per cent of fat. 

The greases recovered by extracting clippings with petroleum 
ether are dark brown or black, and would compare in this respect 
with u animal greases ” or “ animal oils.” They may be identified 
by their unpleasant, tan -like odour. They invariably contain con- 
siderable amounts of unsaponifiable matter and free fatty acids. 
These products arc worked up in the same* manner as “ animal 
oils ” and u animal greases ” are treated, namely, by acidification and 
subsequent distillation. •» # 

Similar to these fats, but usually of a better colour, are the fats 
recovered in the process of glue-making, some figures of which are given 
by Bouchard, . § 

Minimum. | Maximum. 

j___ ' _ I 

; _ • i 

I Free acids expressed in oleic acid (per cent) 27 # j 70-7 

| Saponification value 193-9 | 202-2 

j Iodine value (YVijs) ! £>1-3 j &)-2 

; Unsaponifiable matter (per cent) . . . 0-92 ( 4-80 

I Titer test, 0 C. ! 33-4 I 37*4 


Mean. 


50-3 

198-7 

54-8 

2-38 

35-8 


1 Limn. Zcil, 1906, 935. 
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C. MIXED WASTE GREASES 

1. Fuller's Grease- ‘‘Seek Oil" 

French — (I mi sue dc. /onion. ( lernian - U nllfrtl 

Fuller' s grease is the fatty substance recovered from the soap suds 
which have served for scouring silk, woollen, or cotton (dyed Turkey-red) 
i^oods by acidifying the suds with a mineral acid. 1 The fatty mass 
thrown up by the acid is known in Yorkshire under the name “ magma ” 
(or seek/' also “ sake " ; therefore “ seek oil means fuller s grease) 
and on the Continent as “ poudrettr/' It is put into bags, and sub- 
jected to pressure whilst hot, when the dirt (fibres, etc.), remains behind 
(as “ sud-cake "), whereas the expressed fatty matter is collected in 
tallies below the press. 

The process of precipitating the waste wash water with lime and 
decomposing the lime soups with mineral acid is now an antiquated one. 

A process for decolorising and purifying the grease obtained from 
dye and calico printing works, previous to the distillation ol the fatty 
acids, is patented by N. Planou'sky and N. Pftilli ppoff? 

According to the quality of the soap used for scouring the goods (and, 
in the case of grease from woollen mills, according to the quality of wool 
oil that has been used in the preparing of the wool), I lie quality of 
fuller s grease will vary ; hence the uses to which fuller’s grease is 
applied also vary. Thus, the suds from silk scouring or best woollen 
goods, for which olive oil soap lias been used, will yield almost 
pure fatty acids, which may la* converted into soap without further 
purification, whereas the suds from the lowest union goods contain 
considerable quantities of mineral oil or other hydrocarbons and dirt. 
Therefore such crude grease must be purified by distillation. The 
distilled product so obtained is separated into “ stearine ” and “ oleine ” ; 
the latter is used as wool oil, or (on the Continent) for soap-making 
purposes (p. 318). An intermediate quality of fuller’s grease is prepared 
by purifying the erudfc material bv filtration. This material is likely 
to contain mineral acid. 

The commercial lamination of fuller's grease is identical with that 
of wool oils (p. 1)6). 


2. Black (recovered) Oil 

French Haile noire. German Blackol, Ttichol, Exlraktdl , Pressol 

This oil is expressed or extracted from the greasy waste of woollen 
mills which is tollccted from underneath the carding and scribbling 
machines Its composition is almost identical with that of the oil 
employed for oiling the wool in the carding process, provided lubricating 

i C,» English patent 23,259, 1899 ; Ruiiiat, Belgian patent 210,289. 

- German patent 212, f 08. 
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oil is not allowed to become intermixed with it. This oil may comprise, 
therefore, all gradations from a rancid olivo oil, through oleic acid, 
down to the lowest class of wool oils containing more than 50 per cent 
of unsaponifiable matter. 

The recovered oil is usually returned to the manufacturers of low- 
class wool oils who redistil it and thus obtain a purified wool oil which is 
used for low-class goods or is blended with other wool oils. 

Similar in composition to “ black oil ” is the oil obtained from used 
engine cloths, greasy cotton waste, and other grease-laden textile goods. 
Such material is worked up in special establishments where the fatty 
matter contained therein is recovered by extraction with petroleum 
ether, or benzine. 1 If the recovered fat is valuable, the extraction is 
often done merely for the sake of the oil, the cleaned material being 
returned to the owner free of charge. 


3. Garbage Fats 

French -Graisses d’immondices ; graisse de gadones. 

G e rm an — K elm chtfelle 

Under the name “ garbage ” fats may be comprised all those fats 
contained in house and other refuse which does not find its way into the 
sewers. Such refuse is generally collected by the municipalities and 
destroyed as soon as possible, the primary object being to remove it 
rapidly from inhabited areas and dispose of it in a sanitary, or at any 
rate in the least objectionable manner. The system in vogue in this 
country, and rapidly superseding the older method of dumping on waste 
land, is to destroy the refuse in specially designed destructors, after a 
rough sorting out of tins, iron pots, old leather, etc., has taken place in 
the destructor works. Thus all putrescible matter, together with the 
fat present, is destroyed, the waste gases being used for heating steam 
boilers, the steam from which is usually employed for generating 
electricity (or for providing the necessary steam for sewage works 
operated in conjunction with destructor works). The refuse (hard 
burnt clinker) is broken up and used as stonfc or gravel or sand in 
concrete-making or is disposed of for cement-making. 

As in the foregoing process all the fat is destroyed, efforts have not 
been wanting to recover the fatty matter. In the United States of 
America 2 especially methods for the disposal of garbage have boen 
developed. An early process (operated in Buffalo in about 1885) 
consisted in extracting the garbage with benzine. This process has, 
however, been superseded by cheaper processes comprised under the 
term “reduction processes.” These presses closely simulate the 
methods described under “Menhaden Oil” {Vo3. II. p. 411) and 
Slaughter-House Greases (Vol. III. p. 406). 3 « 

1 Cp. S. G. Hall, English patent 10,156, 1904 ; E. Ridgill, English patent 15,231, 
1905 ; C. R. Mayo, English patents 8600, 1909 ; 13,340, 1911 ; Belgian patent 246,374. 

2 Cp. Journ. Soc. t'hem. Jnd ., 1908, 376-383. 

3 Op. S. E. Wilson, United States patent 709,384 (1902) ; German patent 149,551. 
lftlsou Redaction Machinery Company, English patent 7519, 1903 ; United States patent 
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The best-known process, worked in several cities' of America by 
private enterprise (in Cleveland, however, the municipality has a 
reduction plant), is the Arnold- Egerton process, in which the extraction 
of the fatty matter is ’performed by purely mechanical means. The 
garbage, after a preliminary sorting out of tins, etc., etc., is delivered 
into large digestors, holding about 8 tons, in which the mass is boiled 
up with steam (“cooked”). When filled, these are screwed down 
and the mass is “ cooked ” at '80 lbs. pressure, for a length of time 
which varies with the material and with the seasons. The vapours 
escaping through a vent are condensed by a jet-condenser and the 
condensed water is run into the sewers. After the steam is turned off 
a separation into three layers takes place. At the bottom collects 
the solid matter “ tankage ” ; over this rests an aqueous layer on the 
top of. which floats the separated grease. The grease is taken off and 
sold for the manufacture of low-class soaps, etc. It is, as a rule, of a 
dark browm colour ; its composition is that of a low-class grease contain- 
ing a considerable amount of free fatty acids and also unsaponifiablc 
matter. The tankage is run into special “ forms made of sacks and 
rags. These are subjected to hydraulic pressure, whereby adhering 
grease is expressed, together with the water. The water and grease 
are conducted to settling basins, where the grease separates. The 
press residue is heated in dryers, ground and screened, and sold as low- 
grade manure. 


4. Sewaoe Fats 

French — Groissas dcuux d molds yraitssc d c(vux-v(uwcs, 

German — ■Abicasserfette 

• Sewage water (French — Eaux d'eyouts ; waste water from house- 
holds, abbatoirs, etc.) contains fatty matter in the form of soap, un- 
saponified fat, free tatty acids, and unsaponifiabb matter. As sewage 
water is of an extremely putreseibl© nature, sanitary conditions require 
its immediate removal .(from houses, etc.), and both rapid and careful 
treatment at the sewage works, so as to render the effluent innocuous. 
The proper disposal of the objectionable matter offers one of the most 
difficult problems wliieh confront municipalities, as the cost of such 
disposal must naturally play a very important part m the selection of 
that method which is best adapted to local condition!., lho full con- 
sideration of these methods fills outside the scope of this work ; here 
we can only deal with this subject from the point of view of the fat 

"“Up to about a decade ^o no attempt had been made to recover 
the fatty matter. In the prccipitathmjrrocesses, which arc employed 



199,94 

368,654. 
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to a great extent, the fatty matter is deliberately wasted, and one of 
the chief features of the biological (“ digestive ”) processes is to destroy 
the fat as completely as possible by making it serve as a foodstuff to the 
bacteria which digest the fatty matter contained in raw sewage. 1 

During the last decade, however, experiments have been made, on 
a large scale, with a view to recovering the fatty matter contained in 
the sewage. Most of the recovery processes are designed on the lines 
of the methods practised in the wool,’ cotton, and silk industries (see 
pp. 427, 432), and especially in the recovery of wool grease from wool 
scourers' suds. 

The first step was naturally directed to the economical treatment 
of the fatty matter which separates as scum ” or “ sludge ” on the 
top of the sewage water. A large number of devices (strainers, scum 
troughs, baffle plate apparatus) are patented, all having for their object 
the effective separation of the scum from the bulk of the water. 2 A 
number of inventors attempted the extraction of this scum (and even of 
raw sewage 3 ) with solvents. Processes of this kind were, however, 
bound to lead to failure, as the fatty matter, which was present to a 
great extent in the form of soap, gave intractable emulsions. Such a 
process 4 was tried by the Bradford Corporation on a large scale, but 
has been abandoned. An apparatus for the extraction by means of 
solvents has been patented by Limtgslon? 

In order to overcome the difficulty caused by the formation of soap 
emulsions Ihimann 6 treats sewage sludge in the wet state simultane- 
ously with sulphuric acid and benzine. Laboratory experiments made 
by Bechhold and Voss 1 on a semi-large scale showed that the total 
amount of fat contained in sewage can be recovered by Ileumnns 
method, but experiments on a large scale have not yet been made to 
demonstrate that this is a workable process. 

Other inventors direct their attention to the obtainment of the 
fatty matter in a solid form. With this object in view, both precipita- 
tion bv lime and separation by means of acid have been recommended, 
and (to some extent) tried on a large scale. 8 The recovery of the fatty 

1 Cp. Liicombe, lle.c. <1' /lyyiine, 100(5, 817 ; W. Dilxlin, The Surveyor and 
Municipal and Country Engineer, 1009. 

- VV. Wnnseh, German patent 123,536 ; J. Aslnlown, English patent, Olio, 1809 ; 
Kramer, English patent 14,608, 1901 ; German patent 186, £72, 1001 ; English patents 
28,670, 1900 ; *21,030, 1905 ; Vei wertung Stiidtischer Ablalle (t.ni.b.ll., German patents 
149,551, 153,830, 153,331, 157,37*2; Gesellscbaft f. Abwasserklarnng, m.b.H., German 
patents 1*26,67*2, 1901 ; 168,305, 1905 ; 17*2,959, 175,‘21S, 1905; French patent 393,172 ; 
English patent 17,214, 1908 (J. W. Liversedge) ; Bibolini and Haulino, German patent 
208,601 ; Nowotny, English patent ‘24,237, 1908 * Schumann, German patent 2*2*2,207 ; 
Marched and Gar vie, English patent 3065, 1911 ; E. Merten, German patent 155,561 ; 
Groslield and K. E. Markel, English patent 5108, 1905 ; B. Schilling, English patents 
14,461, 1903; 2073, 1910; French patent 412,183; A. E. Andersen, German patent 
200,570. • 

:i Op. Vial, German patent 111,203. 

4 Cp. Vol. JI. p. 338, footnote *2. 

5 English patent 12,234, 1910 ; cp. also Testrup, English patent 3*24/, 1911. 

German patent 145,389, 1902. 

7 Zeits. f. antjew. Chem . , 1908, 1317. Cp. Tillmans, ihid., 1908, 2371 ; Bechhold 
and Voss, (ksnndheits Inycnieur , 1908 (31), 742. 

y For a process aiming at the saponification of the sewage, fat by means of alkalis cp. 
Gdfinan patent 159,170 (F. Kaeppel). 



SEWAGE FATS 


431 


m 


matter from sludge precipitated with lime \ is (in the author’s opinion, 2 
based on practical experience) not. likely to lead to adoption. An u acid 
process/' patented by Maschinenbau-Aktien-Gesellschaft, ronn. Beck 
und Henkel , 3 was worked on a large scale in the township of Cassel 
(Germany). In this process the sewage, water was treated with a 
mineral acid in a manner similar to that employed in the recovery ol 
wool grease (p. 431). The separated sludge containing free fatty acids, 
etc., was pressed, dehydrated, and extracted with solvents. A specimen 
of the extracted fat had, according to the patentees, the following 
composition : — 


Free fatty acids . 

Neutral fat 

IT n sapon ifia hie matter 


70 8 per eent. 
170 
I Hi 


This process also has been abandoned. 

In a more recent process by Beley Spence and Sons* the raw sewage 
is treated with almninoferrie cake, and the precipitate is made to 
a curdle,” so that it can be easily pressed to a sludge-cake containing 
about 40 to 50 per cent of water. This sludge-cake, is treated with 
sulphuric acid, and, after suitable treatment of the mass, the fat is 
extracted with solvents. The crude sewage, fat obtained by this process 
is converted into “ oleine ' and " stearine ” by distillation and subse- 
quent expression. Processes aiming at the separation of a solid cake of 
sludge by means of centrifugal force have been patented by GrossmannS 1 

A process aiming at the direct distillation of sewage sludge by 
driving off the water at a low temperature and then distilling off the 
fatty matter by superheated steam, was patented by J. ( iuijiehl . 6 It 
is obvious that a process of this kind cannot lead to satisfactory results. 
The idea underlying this method has, however, been worked out by 
Grossman 7 to a process, 8 1 he essential features of which are. the following : 
The fatty matter is first separated by mineral acid, and the mass so 
obtained is filter-pressed, whereby the amount of water is reduced to 
30 to 40 per cent. The. sludge thus obtained is fed into a number of 
D-shaped retorts, where the water is driven off and the fatty matter is 
distilled over by superheated steam. Large, quantities of butyric acid 
und other organic arufs arc obtained simultaneously. 

The composition of "sewage fats” must vary with the localities 
whence they originate. Owing to the exceedingly favourable condition 


i c p . French patent 382,555 ; United States patents 889,339, 889,340 (F. and <\ 
Slmnian). ^ i jew kowitscl), Jonra. Sue. Chan. /ml.., 1903. 70. 

I ® jS.’SlMO* 8218. 1908 ; 2M40 28,640. 190. ; 8347 , 1900 . 

; /A ;»«;«, 4912. 8; ? TWrnp, Big.,, 4 

Andrew, and oitiwM of u ra dfor.|, 

J GnSd/nnd J. tliwsmaun) ; English patent 16,397, 1908 (.4. Grossman a) ; addition 
28,434, 1910. 
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for the micro-organisms 1 thriving in raw sewage, the bulk of the neutral 
fat discharged into the sewage is hydrolysed ; therefore “ sewago fats ” 
are characterised by large proportions of free fatty acids. The amount 
of unsaponifiable matter is also considerable. ' The nature of the 
unsaponifiable matter has not yet been investigated. Probably it 
consists to a large extent of coprosterol, which forms an important 
constituent of excrementitious matter. 

Examinations made recently by Konig and Schluckebier 2 show that 
the fat in excrements obtained from animals fed with peas, milk, 
potatoes, maize, cocoa nut cake and milk, cocoa nut and sesame cake, 
and meat powder, contained in the same order the following amounts of 
unsaponifiable matter : 25 per cent, 25-8 per cent, 30*5 per cent, 6*16 per 
cent, 10*44 per cent, 15*5 per cent, and 20*36 per cent. In all cases the 
bulk of the unsaponifiable matter consisted of coprosterol, with smaller 
quantities of phytosterol or (and) cholesterol, according. as to whether 
the food was of vegetable or animal origin (or was composed of both 
animal and vegetable matter). The extraction of fatty matter in 
animal faeces with 0C1 4 yields in twelve hours 17*9 to 33*8 per cent 
more fatty matter than with dry ether in twenty-four hours. 3 

Judging from the composition of sewage fats it is evident that at 
present the products cannot pay the expenses of the process, unless, 
indeed, the recovery of the fat form an integral part of the sewage- 
disposal process. Some exaggerated statements regarding the value of 
some of the above-described recovery processes must be accepted with 
the greatest reserve. The author is of the opinion that under 
present conditions the recovery of the fat merely for the sake of 
this product alone cannot be a profitable process. The efforts of 
inventors should therefore aim at dovetailing a fat-recovery process 
into the system of the obligatory sewage purification. If the problem 
be considered in that light, there is a prospect of arriving at a satis- 
factory method of fat recovery in a practically complete and relatively 
economical manner. 


2. Waste Waxes * 

Wool Fat, Wool Grease, “Recovered £}rease,” “«Brown 
Grease ” 4 

French — Suintine ; graisse de mint. German — Wollfett, 
Wollschweissfett. Italian— Gram di lam gfeggio ; sugna 

The occurrence of wool fat, the proportions contained in natural 
wools, and some other technical notes have^been given in Yol. II. p. 889. 

1 E. de Kruylf proposes for the micro-organisms the*term “ lipobacteria ” (Bull, 

lkp. Ayr. aux hid. neerl., 1907, 9). ^ 

2 Zeits. f. U nlers. d. Nahrys- u. fienmm 1908, xv. 653 ; cp. also J. Long aud 
W. A. Johnson, Jo urn. Amer. Chcm. Soc., 1907 (29), 1214 ; R.l naba, Biochem, Zeits., 
1908, 355. 

3 A. 1). Emmett, Journ. Amer. Chtm. Soc. y 1909 (31), 693. 

4 In the United States this grease is known as “degras”; “English d/igras ” ; 
“German degras,” 
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In this section the practical aspect of the problem of working up wool- 
scourers suds on a large scale will be considered somewhat more fully, 
although a complete enumeration of the not inconsiderable number of 
patents which have been taken out during the last fifty years must fall 
outside the scope of this work. 1 

The older method, which was especially in vogue on the Continent, 
was to run the waste suds into large cisterns and to treat them with 
lime, when a heavy precipitate, consisting of neutral esters, lime salts 
of fatty acids, carbonate of lime, and caustic lime was obtained. This 
precipitate, known as suinter,' ’ was dug out (or passed in a state of 
suspension through filter-presses in order to remove the bulk of the 
water) and dried by exposure to the air. The u suinter ” was then 
subjected to dry distillation in iron retorts for the production of an 
illuminating gas (“ Fettgas ”). As the excess of lime proved very 
troublesome, an improvement was introduced by precipitating the 
wash-waters with calcium chloride or magnesium chloride. 

This treatment aimed, however, more at a purification of the suds — 
before they were allowed to run into the river courses — than at a 
recovery of the wool grease. 

After the valuable properties of wool wax had been rediscovered 
(0. Braun, 0. Liebreich), endeavours were made to extract the u suinter ” 
(or even the raw wash-waters) 2 with solvents. 3 But the troublesome 
emulsions which were formed, and the costliness of the processes, 4 led 
to the abandoning of these attempts. At present, precipitation with 
lime has been superseded by the treatment with mineral acid, much as 
the precipitation with lime in the recovery of fuller’s grease has been 
substituted by the treatment with mineral acid (p. 427). 

Much more satisfactory results were obtained by treating the wool- 
scourers’ suds with calcium, magnesium, or iron salts, etc., when the 
precipitated salts of fatty acids carried down with them the neutral 
portions of the wool fat. The precipitate was then extracted with 
acetone, 5 in which the neutral portions only were stated to be soluble. 
But not onlv did part of the soaps dissolve in acetone, but there were 
obtained simultaneously troublesome emulsions, which rendered these 
processes also umvorkaWo 5 on a large scale. 

More success attended a mechanical .process which was practised 
for some time on a manufacturing scale. It consisted in passing the 
suds through a centrifugal machine, when a turbid soap solution ran 
off whereas the wool wax remained behind. The soapy solution was 
then treated (*‘ cracked ”) witir. mineral acid to recover its fatty acids, 
or was evaporated down and calcined for the recovery of the potash in 

1 Cp. Lan i»bt< k, Jnurn. Sor. OUtm. IruL, 1890, 35(5. J. M. Baudot, Austrian patent 
Applic.-, A. 312(5 (1906); French •patent 413,442 ; E. Dowie, United States patent 
892,370(1908). . 

“ Cp. French patent 368,654. 

:< Cp. German patent 42.172 (A. v. Rad). 

4 Cp. German patent 38,441. 

0 H. Breda recommends to replace acetone by the higher boiling ketones (boiling 
point 67" to 167 ’ C.). Cp. English patents 8588, 1903 ; 17,656, 1906 ; German patents 
181 400, 181,401 ; cp. also Clmtelau and Spiesz’s German patent 194,871, which claims 
the admixture of inert substances to the lime salts before extracting them with solvents. 

VOL. HI 2 F 



434 * TECHNOLOGY OF WASTE OILS, FATS, AND WANES 


CH. 


the waters. The crude wool wax in its turn was purified by pressing 
in a hydraulic press or by boiling up with water, allowing to settle out, 
and then kneading repeatedly with water until a fairly pure product 
was obtained. The resulting wool wax was dark yellow, and as all 
attempts to bleach it led to unsatisfactory results, it was intermixed 
with about 20-25 per cent of water, in order to obtain a lighter-coloured 
product. This was brought into commerce under the name “ lanolin.” 
The anhydrous product is obtainable in commerce as adeps lance. 

As all the processes mentioned above proved too costly, the method 
practised in Yorkshire woollen mills for the production of “ Yorkshire 
grease ” was generally adopted as the starting-point. 

The soap suds are collected in large tanks, where dirt, etc., is allowed 
to subside, and are run or pumped into cisterns to be acidified 
(“ cracked ”) with mineral acid, when the wool grease, together with 
the fatty acids from the soap used in scouring, rise to the top. The 
fatty matter ( kk magma ”) is collected by skimming off, allowed to 
drain on coke beds or other suitable filters, whereby the bulk of water 
is removed, and then expressed in a hydraulic press in the hot, so as to 
eliminate the fibres, dirt, etc., that are occluded by the fatty matter. 
The press cakes (“ sud cakes ”) still retain 15 to 20 per cent of grease, 
the extraction of which is sometimes- remunerative. On account of its 
proportion of nitrogen (2 to 3 per cent) the cake (“ sud cake ”) is sold 
for manurial purposes. The acid liquors are run away; they still 
contain a notable amount of grease in suspension. 

In some localities the liquors must be neutralised (with lime) previous 
to their being discharged into the water courses. 

The composition of a grease of this kind (free from glycerides and 
mineral oil, and freed from ash) was ascertained by the author, and 
found to be as follows 1 * 


Volatile acids 
Insoluble free fatty acids 
Combined fatty acids 
Alcohols 


1-28 per cent. 
20*22 „ 

48*47 „ 

36*47 „ 


The occurrence of volatile acids appears to be due to secondary 
reactions. (A. and P. Buisine 2 point to fermented wool-scourers’ suds 
as a rich source of volatile fatty acids, from aeetje acid up to caproic 
acid.) 

The free fatly acids consist chiefly of acids occurring naturally in 
wool grease ; 3 the remainder is deriveddrom the fatty acids liberated 
by the decomposition of the .waste soaps by the mineral acid. 

The combined fatly acids form with the bulk of the alcohols neutral 
esters (wax). In the example given' (VoI„I. Chap. XI.) the proportion 
of neutral esters amounted to 72-31 per cent. , The alcohols are partly 
present as esters (i.e. combined with fatty acids to fo’in 72-31 per cent 
of wax) and partly as free alcohols. In the given example their amount 


1 Lewkowitse.li, Jimrn. Hoc. Chan. Jnd ., 1892, 134. 

- CompL rend, 1897 (12f»), 777. 

3 Schulze, Berichk, 1872, 1076; 1873, 251 ; 1874, 571. 
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was 6-21 per cent. The methods adopted in the analysis of this grease 
have been described Yol. I. Chap. XI. ' , 

The crude wool fat used to be treated with an a r a 110 
(ammonia, soda solutions, otc.) when an emulsion * 

wax was obtained. For their separation the emu si e “ , , 

. either treated with methyl- or ethyl-alcohol to remove the Boaps,wlul h t 
leaving the neutral wax, which is insoluble m t iese sc » veil 
or the mixed soap and wool wax were exhaus .et 'su u ‘ raw wool 
in which the wool wax only is soluble. In the former case > the law woo 
wax was obtained in substance, whereas m the latter process 

"" covery outlined above a consul — of 

fatty matter is lost. Hence many patentees 

raw wool with volatile solvents “"‘hiey lrave all been abandoned (at. 
falls outside the scope of this woik, as the} ^ y mt 

any rate in tliis eomhiy) notion wemm ^ x by +h e 
also, and perhaps cl icd ^auso tll( , fact . that the solvent 

extracting process. 0 «u. ^ rw do # produco g a harsh, brittle 

removes too much of tin. natraaU.c > P 1JVo )( , cssoa which 
IP, re which be mentioned specifically, 

were tried on a huge ■ > , worhed for some time in this 

The carbon bisulphide process, winch was »«.M ..spor iall V 

country in plant designed by —emal carbon 

rmsuitable, as a poition o ,. . b | )rc imparting to it. a 

bisulphide contains was tn urn up • / j with petroleum ether 

>*»,«*•• i, tS.X“XS..i ,*»*. » *. *™i — 

(G. ami A. bn nidi), cntai * ' . \ , At present endeavours arc 

SSjt.SStt. U. « »•» a- •*» 

out hitherto on » { t rcaac without, the use of mineral 

A process for the j [ , John and Hon, and Leach * 

acids or solvents uus p • y inta „ cous features' of some of the 

Their method comW t ^ 1 ‘ » commend itself from a purely 

foregoing processes, W ^ ^ „„ efflucnte which pollute the 

sanitary ***"£? ? ^Id-washing liquors arc concentrated 
river courses arc oM “ 5 (whieh wa8 (irst used for this purpose 
in multiple vacuum • PP ' * ♦ ( d , { tlle specific gravity 1-23 is 

bV Lanybeek) until a ro ctntaatea^) and soM ifies when 

isS S still warm, through a centrifugal machine, when 
tW 1 ' ' Kaatii stents 3600. 1909 1 17.1* 1909 ; 22,6)5, 19u». 

•; 1907 ; * a "‘ l c u " ae ' 1 Stetes 

— g ^ 

*,,X. tod., WS’ »»• 
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the soap liquor (containing the potash salts originally occurring in the 
wool, as also the soaps used in scouring the wool) runs oh. The liquor 
is further concentrated, and finally calcined in a revolving furnace. 
Thus the potassium originally contained in the wool, together with the 
alkali introduced in the form of soap in scouring the wool, is recovered 
as carbonate. It will thus he seen that in this process the free fatty 
acids of the wool grease, as also the fatty acids introduced as soap in 
the scouring of the wool, are lost. The wool grease is worked up, in 
the manner described above, into “ lanolin,” or sold as “ adeps lame.” 

For a process, suggested by ftpiess and Chaielan, to treat wool- 
scourers’ wash-waters without using a vacuum, the reader must be 
referred to tho original paper, 1 as the process appears to have been 
worked hitherto only on an experimental scale. It- need therefore only 
be pointed out that the patentees mix the wash-waters with toluene 
and heat the mixture when, at a temperature of 80°-82° 0., toluene 
and water pass over. The vapours are condensed fractionally, so that 
the water and toluene are obtained separately. The toluene is then 
used again, and thus serves to evaporate off an indefinite quantity of 
water. 

With regard to processes aiming at the saponification of wool wax 

cp, p. 395. 

Crude wool grease is used as a lubricant, with or without admixture 
of mineral oils (see “ Wool Oils.” p. 96), further as a degras substitute 
(see p. 415), and as a stuffing-grease (see p. 423), especially in the 
United States of America. It is unsuitable for the manufacture of soap. 
Tho production of wax-like bodies for use in the paint and varnish 
industries by treating crude wool fat with air in the presence of basic- 
substances at high temperatures has been patented by LifschiHz . 2 

The commercial products obtained from wool grease in the manner 
indicated above are wool wax and wool fat fatty acids. 

The bulk of wool grease is, however, distilled, whereby distilled 
grease is obtained. 


Wool Wax 

Neutral wool wax prepared by any of the methods described above 
is used both in its hydrous (“ lanolin ”) and in its anhydrous state 
(“ adeps lame ”) as a basis for ointments,® salves, and cosmetics (cp. 
Vol. II. p. 895). Smaller quantities are employed as “ super-fatting ” 
agents in the preparation of toilet soap (cp. this Yol. p. 330). The 
chemical examination of these products embraces the determination of 
water, ash, and free acids, as also the detection of foreign substances. 
The readiest means of detecting the latter is supplied by determining 

1 ?. 'cits. f. chem. Apparatenhtnde, 1908, 1 ; German patent 194,871 (Spiess and 
Chatelan) ; cp. German patent 163,444 (Stuhr and Co.). 

2 German patent. 234,502. 

Cp. P. G. Omm, Momtsh. f. prakt. Dermilologie , 1907. 
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the chemical and physical characteristics of the sample, whereby the 
direction which further examination should take will be indicated. 
Presence of glycerol would point to admixture with glycerides or 
glycerin. A detailed examination of the unsaponifiable matter would 
reveal the presence of paraffin wax or other hydrocarbons. (It should 
be remembered that wool wax must be saponified with alcoholic potash 
under pressure, or with sodium alcoholate.) 

A somewhat detailed examination of a wool wax carried out by 
the author 1 is given in Yol. I. Chap. Xi. 

The efforts of several inventors (Jojje and Darmstadt or , Ekenberg 
and Monten) were directed to the separation of wool wax into several 
fractions. Thus Ekenberg and Monten 2 prepared by centrifuging or 
expressing wool wax at a temperature of 30°-35 0 (J., three fractions 
described as “ Cholain,” “ UhoJepalmin,” and “ Cholecerin.” The 
melting points of these fractions are as follows 

Melting Point. 

,J C. 

Cholain .... 25-20 

Cholcpahnin . . . 37-08 

Cholecerin .... 40-55 

Lifschulz 3 found by treating (wool fat, or, preferably) wool w T ax 
with bone char in petroleum ether solution that the wool wax can be 
resolved into two portions, one of which is retained by the bone char, 
whereas the other remains dissolved in the petroleum ether solution. 
The residual waxy matter obtained after distilling off the solvent differs 
from the original wool wax in that it has practically lost its power of 
emulsifying water. The waxy portion retained by the char can be 
extracted by means of alcohol, chloroform, carbon tetrachloride, ether, 
acetone, carbon bisulphide, or even by petroleum ether containing 
5-10 per cent of alcohol, 4 or by means of solutions of oils and fats (olive 
oil, lard oil 5 ). This constituent of wool wax exhibits a much higher 
water-emulsifying power than does the original (wool fat or) wool wax. 
(The process of resolving into two different constituents can also be 
carried out with wool fatty acids or with products containing wool 
fat. 6 ) The portion retained bv the char is brought into commerce 
under the name of “ lajiogene.” 7 The admixture of 1 part of this to 
99 parts of vaseline 8 is stated to cause the mixture to absorb 200 parts 
of water, and an admixture of 2 or 3 parts increases the power of 
absorbing water to 300 parts “ Lanogene ” is said to be suitable as 
a basis for ointments, salves (cp. vol. ii. p. 931 ), and emulsions pre- 
pared with the aid of mineral waxes ; also emulsions of oils and fats 
with water. 9 

1 See Lewkowitsch, JourmSoe. Chnn. hid., 1896, 14. 

2 German patent td,552. 3 German patent 163,254. 

4 German pateift 178,804. 5 German patent 185,987. 

6 German patents 171,178, 185,987, 190,959. 

7 German patent 167,849. * 

8 Such and similar mixtures are brought into commerce under various fancy names 
(“ Euvaseline,” “ Eucerin,” etc.). 

9 Cp. S. Knopf, English patent 17,523, 1907 ; W. Loehell, German patent 169,491. 
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Wool Fat Fatty Acids 

As a by-product in the manufacture of “ lanolin ” or “ adeps lame,” 
soap solutions are obtained which contain the fatty acids originally 
occurring in the wool fat, as also the fatty' acids introduced as soap in 
the scouring of the wool. In some of the processes mentioned above 
the soapy liquors are only worked up for the recovery of potash, it 
being considered unrenumerative to recover the fatty acids (the latter 
sei ving in the calcining process merely to facilitate the destruction of 
the organic substances). 

In some works the fatty acids are recovered from the soapy liquors 
by treatment with mineral acid (“ cracking ”). 

A sample of fatty acids so obtained was examined by the author 
with the following result : — 

Acid value ...... 184*5 

Saponification value ..... 203-4 ' 

Unsaponifiable ]- unsaponified matter . . 3-54 per cent. 

Unsaponifiablo ..... 1*23 „ 

These fatty acids are made into soap or into lubricating grease 
(see Chap, XV. “ Solidified Oils ” *), or (as a substitute for boiled oil) 
into paints . 2 For the latter purpose the free fatty acids are converted 
into magnesia soaps, which are dissolved in crude wool wax and mixed 
with a rosin soap, such as zinc rosinato. 

Rosin in prosenco of wool fat acids can be detected and determined 
quantitatively by TwitehelPs method. 

The mixture of magnesium salt and wool wax may, of, course, be 
prepared by precipitating wool wash- water with a magnesium salt 
(with the addition of a little lime). 

The magnesium salts of wool fat fatty acids are soluble in tar oils 
and mineral oils . 8 


Distilled Grease 

9 

When “ recovered grease ” is subjected to distillation 4 with super- 
heated steam, a light oil, consisting of hydrocarbons, is obtained first ; 
then follow heavier fractions, which separate, on cooling, into a liquid 
and a solid portion. The higher distillates are treated much in the same 
way as are distilled fatty acids in candle-works, so that the following 
products are finally obtained : “ oleine,” chiefly used as wool oil, and 
“ stearine,” employed as a “ sizing tallow ” or “ stuffing-grease,” and 
as inferior material in the candle and soajj industries. 

The changes the “ recovered grease ” undergoes in the distillation 5 
consist in the hydrolysis of the neutral esters, whilst concurrently 

‘*Cp. also bonath, Cliem.ZeiL, 1 899, 62 ; Rosengren, ibid., 1S99, 382. 

2 German patent 166,563 ; English patent 61)02, 1902. 

11 Jo.ske, German patent 241,565. 

4 Cp. United States patent 896,093 {C. Ellis). 

6 Lewkowitseh, Journ. Soc. Ckern. huh, 1892, 142. 
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another portion. of the compound, esters is broken up into fatty acids 
and hydrocarbons, the latter being formed in consequence of the fatty 
acids assimilating all the available oxygen in the molecule. This is 
illustrated by the following equation : — 


C 16 II 31 CO . 0 .C 1# H 33 = C 15 H 31 CO . OH+C 18 H 32 . 

Cetyl palrnltate. Palmitic acid. Cetene. 

A portion of the neutral esters is carried over undecomposed by the 
current of steam, and is found as such in the “ distilled grease/’ 

The free alcohols in the “ recovered grease ” partly distil over as 
such, whilst another portion is broken up into hydrocarbons with loss 
of water. Cholesterol, when subjected to distillation, is known to 
yield hydrocarbons (cp. Yol. I. Chap. III.). 

Part of tho fatty acids distil over undecomposed, whilst another 
portion, in their turn, are converted into hydrocarbons ; this holds 
especially good of those fatty acids which easily undergo dehydration. 


The examination of distilled grease ” embraces the det ermination 
of free fatty acids , neutral esters (ivaxcs), and tin saponifiable substances. 
The latter consist chieily of hydrocarbons, which havo been looked 
upon frequently, as mineral oil (cp. u Wool Oils ”). The nature of these 
hydrocarbons is but very imperfectly known ; being derivatives of 
cholesterol, they exhibit optical activity. 

This has been first shown by Lewkowilsch , who observed the optical 
activity of the distilled grease hydrocarbons in 1894 and' then again in 
1897, when the first and second editions of the present work were 
prepared. 1 Later on the optical activity was recorded by Gill and 
Mason 2 (whose numbers are given in the following table) and after- 
wards (seo below) by Mammon? [The latter put forward the con- 
jecture 4 that the optical activity of natural petroleums is due to hydro- 
carbons generated from the cholesterol contained in animal oils and fats 
which underwent conversion into petroleum (see Vol. I. Chap. I.). 
This conjecture has been amplified by Engler (see Yol. I. Chap. I.). 
For a discussion of this conjecture and its bearing on the theory of the 
origin of petroleum, v^iich falls outside the scope of this work, compare 
the papers given in tho footnote. 6 It may be added that Molinari 'and 
Fenaroli * 6 arrived at Jhe conclusion that the optically active substances 
in petroleum do no*t yield an ozonido, and hence do not consist of chol- 
esterol ; since the same authors showed that phytosterol yields an 
insoluble ozonide, their conclusion may be amplified by stating that the 
optical activity of petroleums cannot be ascribed to the presence of 
phytosterol.] 

1 Through an oversight the actual polari metric readings have not been published, 

the statement merely being nuyle in the first two editions that these hydrocarbons, being 
cholesterol derivatives, wilf exhibit optical activity. Cp. German Edition", 1904, vol. ii. 
p. 732. * * 

2 Jour n . Amer. (Jhem. Soc 1904, 665. 

:1 Mitt. Kiinigl. Mater. Prufungsaust., 1904. 4 (Jhem. Revue, 1905, 4. 

5 Engler, Petroleum, 1907, 849; Lewkowitsch, Jahrbveh d. (Jhem. 1908 (xviii.), 
416 ; Engler, Zeits. f. angew. (Jhem., 1908, 1585. 

« Berichte, 1908, 3704. 
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In an examination of a distilled grease oleine the mass was boiled 
out repeatedly with alcohol. The insoluble portion was judged to 
consist of hydrocarbons, inasmuch as it was insoluble in acetic- anhydride. 
On distilling the insoluble portion in vacuo three fractions were obtained. 
They all had the smell which crude paraffin oils of the same boiling point 
possess. Some properties of these products are set out in the following 
table (Lewkowilsch) 1 


Fraction. 

~1 

Appearance. 

Specific Gravity 
at 80* F. com- 
pared with 
water at S0° F. 

Iodine 

Values. 

1 1st 

Clear, bright yellow oil ; exhibiting bloom . 

0-8513 

71 

J 2nd 

Bright oil, partly solidifying on cooling; 
exhibiting bloom. 

0-9162 

74 

| 3rd 

Darker oil ; solidified on cooling ; exhibiting 
bloom. 

0-9180 

61 

4th 

1 

Residue 


71*7 

1 


Gill and Forrest 2 examined the unsapon ilia hie matter from distilled 
wool oleine by removing the cholesterol with acetic anhydride and 
subsequently distilling the residue in vacuo. The fractions were re- 
crystallised from acetone. From the determination of the molecular 
weight and iodine absorption these authors conclude that the hydro- 
carbons in distilled grease oleine belong to the olefine series. 

Mammon and Skopnik 3 have found for the unsaponifiablc matter 
iodine values ranging from 51 to 79 and specific gravities 0*900 to 0*917 
at 15° C. 

The distilled grease hydrocarbons give, in contradistinction to 
hydrocarbons derived from petroleum, the isocholesterol reaction. 
For the detection of mineral oils in wool grease oleine Settimj 4 
recommends as a solvent a mixture of one part of amyl alcohol and two 
parts of 96 per cent ethyl alcohol and proceeds as follows : — 10 c.c. of 
the sample are shaken with 40 c.c. of the mixed alcohols when even 
5 per cent of mineral oil will show an oily layer dbparating on top. 

Winterfeld and Mecklenburg 5 recommend a mixture of methyl and 
ethyl alcohols. These authors also recommend thft test for the detection 
of rosin oil. 

In view of the fact that Engler obtained by the distillation of chol- 
esterol hydrocarbons which still showed a proportion of 1*2 to 2 per cent 
of oxygen (as against 1*3 per cent in cholesterol), some doubt must be 
entertained as to whether the above-described substances consisted 
entirely of hydrocarbons, their elementary# analysis not having been 
carried out. 


\ Jdvm. Sac. Ohm. but, 1892, 141. 

2 Jonrn. Amor. Ohm. A'oc., 1910, 1 07 J. 

:l Zeil&.f. mu/ew. Ohm., 1912, 2577. 

4 Ann. Lob. Ohm. Of air. iklle ( 'Sahtfle , 1912, 197. 
6 Mitt. Kiinigl. Maieriotjirufungsamt, 1910, 471. 
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The methods applicable in the exhaustive examination of distilled 
grease have been fully described Vol. I. Chap. XI. 


The commercial analysis of distilled grease oleine for oiling wool 
has been described under “ Wool Oils/' p. 90. 

The following table gives some data ascertained by Gill and Mason : — 


! 

Nptvilic. 

Gravity. 

Uromine 

Addition 

Value. 

Bromine 

Substitution 

Value. 

Optical 

Rotation. 1 

Refractive 
Index 
at 20“ C. 

Wool fat oleine (A) . 

0*896 

28*8 

H*2 

17° 58' 

1*4976 

„ „ (B) . 

0*902 

25*1 

14*8 

17° 36' 

1*4991 

„ „ (C) . 

0*896 

21*5 

16*8 

15° 13' 

1*4948 


The following figures determined by the author show the charac- 
teristics of a commercial sample of wool grease oleine : — 


Specific gravity at 00° E. 0*8938 

Acid value . . . . . . .101*7 

Saponification value ...... 103*1 

Unsaponifiable matter, per cent .... 50*31 

Specific gravity of unsaponifiable matter . . . 0*88(55 

Rotation of unsaponifiable matter .... 1-25 


Manmsson examined the unsaponifiable matter from French and 
German oleines, after having removed from it all the substances soluble 
in acetic anhydride (by boiling out the unsaponifiable matter once or 
twice with that menstruum). 

1 Gill and Mason do not state, wind her the rotation was to the rif^ht or to the left. 


[Table 
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Portion Insoluble in Acetic Anhydride 




Specific 
Gravity 
at 15’ C. 

Viscosity 
(Engler) 
at 20" C. 

Refractive 

Index. 

Specific 1 
Rotation 
at 18°-20" O. 
in (about) 

3 per cent 
Benzene 
Solution, 

a„. 

1. Oleine (German), 
of specific gravity 
0*9000, yielding 
55 per cent of 
total unsaponifi- 
able matter 

contains 
paraffin 
wax (!) 

' 


1-497 

(at 18° C.) 

+ 25-9 

2. Oleine (German), 
of specific gravity 
0'9065, yielding 
53 per cent of 
total nnsaponili- 
able matter 

contains 
paraffin 
wax (!) 

0-9053 

15-6 


+ 23-4 

3. Oleine (French), of 
specific gravity 
0-9077, yielding ' 
39 per cent of 
total unsaponiti- 1 
able matter 

contains 
no paraffin 
wax (!) 

0’9117 ! 

20*3 


1 +18-1 

4. Oleine (French), of 
j specific gravity 

0*9036, yielding 
42’ 8 per cent of 
total unsaponifi- 
able matter 

contains 
no paraffin 
wax 



1-497 

(at 27:6° C.) 

+ 28-0 

6. Oleine (French), of 
specific gravity 
0 9035, yielding 
i 41*3 per cent of 

total unsaponifi- 
| able matter 

: 2 

contains 
no paraffin 
wax 



1 -497 

(at 27-5° C.) 

+ 24'5 


By distilling 22 grins, of the unsaponifiable portions from wool fat 
oloinc at 0* 1-0*2 mm. pressure, Marcusson 2 obtained the following 
fractions : — 


1 The indications in the heading are contradictory, and therefore prove no more than 
the fact that dextrorotation was observed. 

2 Chm. Ze.il. , 1907, 419. 
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Fraction. 

Boiling Point. 

•c. 

Grams. 

Rotation 1 in 3 per 
cent Benzene 
Solution at about 
20” C. 
an. 

Iodine Value 
(W 

I. 

150-190 

2-6 

+ 5-9 

75 *4 

11 . 1 

190-210 

1*6 

+ 12*3 

75*4 

III. 1 

210-230 

2*3 

+ 2U9 

80-8 

IV. 

230-250 

3*3 

+ 29-9 

80*3 

V. 

250-275 

3*7 

4-37*4 

84*5 

VI. 

residue 

100 

+ 32-0 

95*3 


Moryenstern 2 patents a process for obtaining the pure alcohols by 
distilling the crude alcohols in superheated steam under reduced pressure. 

Fraudulent admixture of petroleum hydrocarbons and distilled 
grease oleine is detected by a lower optical rotation and iodine value 
than are exhibited by genuino specimens. 

Distilled grease stearine is a hard, whitish, solid substance, differing 
in its appearance from commercial stearic acid by the absence of 
crystalline structure. This stearine is easily identified by its strong 
isocholesterol reaction (Yol. I. Chap. III.) and by its high iodine value, 
due to presence of iso-oleic acid. It consists chiefly of free fatty acids, 
as the bulk of the liquid hydrocarbons has been removed by pressing. 
In commercial analysis the melting and solidifying points of the stearine, 
the “ saponifiable,” and the “ unsaponifiable ” are required. 

The proportion of saponifiable matter is ascertained by boiling 
an accurately weighed quantity with standardised alcoholic potash, as 
described under u Saponification Value,” Yol. I. Chap. YI. Each c.c. 
of normal alkali required is taken as corresponding to 0*284 grm. of 
stearic acid. (The small quantity of neutral esters, if any, in the 
stearine is thus calculated as stearic acid.) Tho unsaponifiable matter 
is determined in the manner described Yol. I. Chap. VI. ; it is most 
convenient to use for this test that quantity which has served for the 
determination of the “ saponifiable.” 

The following table gives a few analyses of “ distilled grease 
stearines.” The free 'acid is calculated to stearic, acid : — 


1 It is uncertain whether “ specific. ” rotation or “ observed ” rotation is meant. It 
may also be remarked that the quantities in col. 111. add up to 23*5 grins. 

2 French patent 421,044 ; United States patent 991,871. 
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Solidify- 
ing Point. 

Melting 

Point. 

Specific Gravity. 

Water. 

Free 

Acid. 

Neutral 

Esters. 

Unsaponi- 

liable. 

Iodine. 

Value. 

Observer. 

°C. 

°C. 

At 

l.V.V* c. 

At 

9S U C. 

Per 

cent. 

Per 

cent. 

Per 

coni. 

Per 

cent. 

Per 

cent. 

45 

48 

0-9193 

0-836 

0-6 

88-6 

2*11 

0-49 


Hurst 

53-5 

41*5 

57 

0-9044 


1- 48 

2- 85 

76*3 
72T3 i 
98-9 

7-7 

... 

0‘4 

3*12 

33*7 

Lfiwko- 

56*8-59 1 







7*2 

20-20 


witsch 

,, 

Coen 1 

j4 1*5-43*5 1 







9-15 | 


” 


The residua loft in the stills, wool fat pitch (goudron), is softer than 
stearin pitch and melts at about 35° (3. It is used as a lubricant for hot 
neck rollers, as an insulating mass for cables, and for similar purposes 2 
for which stearine pitch is used, e.g. for the manufacture of impregnating 
substances for roofing felt. For these purposes the wool fat pitch is 
blown with air after adding oxidising substances, e.g. Mn0 2 + S0 4 ll 2 , 
and aldehyde, 3 or by treating wool fat grease pitch with sulphur at 
. temperatures up to 300° C. 4 

1 Ann. Lab. Chiui. Ccntr. (Idle dabe/lr, 1912, 5B7- 

* With regard to the examination of such pitch ep. Donatli and Margoschen, (diem. 
Revue, 1904, 194. 

:J Cp* 0. Sehreiber, (.Herman patent 208,378 ; ep. also Lilsc.liiitz, Gorman patent. 
253,965. 

4 M. F. Malehow Leopohlshollor Daclipappen-llolzzcmcnt uml Tectolith Fahrik, 
Gorman patent 225,911. 
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VOL. I 
Page 03 

Spieckennann 1 studied the action on fatty acids of various moulds such 
as Penicillium glaunun and Aspergillus Mom ilia in the presenco of a nutrient 
broth. It was shown that, although all the acids were acted upon to some 
extent, arachidic and stearic acids were more resistant than oleic, elaidic, 
and crude acids. These again were acted upon in a less degree than were 
laurio and myristic acids. 

Page 166 

Stearic acid mercaptan C 16 H 32 OHSH (X)OH was prepared by Eckert and 
Hal la 2 by heating u-bromostearic acid with an alcoholic solution of sodium 
hydrosulphide. Its melting point was 74° C., and on oxidation with alcoholic 
iodine solution the disulphide [< ‘|, ; l I mV $ H ,( <)OlhJ 2 S 2 melting at 70-71° 0. 
was obtained. 


Page 230 

Ricinstcarolie acid distilled unchanged at 260° C. under a pressure of 
10 mm. Ricinstearolic diiodide was obtained by digesting a solution of 
the ricinstcarolie acid in carbon bisulphide with tho theoretical amount of 
iodine in the presenco of about 1 per cent of ferrous iodide. Tho reaction 
took place after the solution had been kept for two months in the dark. 
The diiodide is sparing!^ soluble in petroleum ether. 1 2 3 4 


Page 244 

Addition to footnote 3 : Cp. also Heinemann, French patent 458,398. 


Page 264 

Recently Klostermann ami Opitz 4 determined the cholesterol present both 
in the free state and jis ^esters in animal fats by means of the digitonin 
method. Their Results arc tabulated below : — 


1 Zeifs. f. UnterS'jd. Nahrgs - u. U enussm., 1913, xxvii., 83. 

2 Monatsh. f. Chan., 1913', 1811. 

a Midile, Berichte , 1913, 2091. 

4 Chm. Revue, 1914, 173. 
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! Total Cholesterol ! Free Cholesterol 

Combined 


) in 100 grms. of 

in 100 grins. of 

Cholesterol in 


| Fat. 

Fat. 

100 grms. of Fat. 


Mg. 

Mg. 

Mg. 

Lard, American 

. . 122 

126 


„ German . 

74-5 

73 J 5 

i-o 

Butter 

. . ■ 71 

75 


Tallo^, beef . 

. . ■ 75 

72 

3 

„ mutton . . 

. . 28 

2!) 


Goose fat . 

41 

39 

2 

Oloomargarinc 

108 

98 

10 

Liver oil . 

516 

272 

244 

Human fat 

175 

158 

17 i 


Paue 621 




Paid 1 resolved American colophony into two fraction^, the larger fraction 
soluble with difficulty in cold petroleum spirit, but readily soluble in 
dilute alkali, and a smaller fraction soluble in cold petroleum spirit. From 
the larger fraction there was separated an acid molting at 74 to 75° C., 
amounting to about 80 per cent of the total rosin. This acid was gradually 
converted into acids having the melting point 103 to 105° C. Other acids 
having the melting point from 130 to 135° ( wero also formed by hydration. 

Pace 002 

Twitchdl bases a method for the identification of individual aeids in 
mixtures on the depression of their melting points caused by the addition 
of a known amount of a pure acid. Ho prepared pure stearic, palmitic, 
and behenic acids, and found that the addition of 10 per cent of one of 
the acids or a mixture of two to the othor one caused a depression of from 
1 *1) to 2-17° C. The addition of 20 per cent resulted in a depression of from 
3*03 to 4-54°. 


VOL. II 
Pace 90 

The kernel of the Japanese walnut Juglans Sieboldiana (Maxim.), yields a:i 
oil having the following characteristics 2 : — 


Specific gravity at 15° C. . . . 0*9248 

Saponification value . . . 189-8 

Iodine value ... . 156-5 

Ilofractivo index at 20° C. . . . 1-4799 


Page 128 

The seeds of Kickxia elaslica on extraction with ether yielded 28-16 per 
cent, equalling 54-8 per cent from the kernel, of a yellow oifwith a bitter 
taste. The oil had pronounced drying properties, the increase of weight in 

1 Chan, llerue, 1911, 102. 

“ Ueno, Journ. Chem. I ml., Tokio, xvi., 185. 
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Livache's test being 9*53 per cent. ' It also yielded 0*48 per cent of insoluble 
bromides. Tho oil had the following characteristics 1 


Oil-- 

Specifio gravity at 15° C. 0*9327 

Saponification value .... 179-6 

Iodine value ..... 130-9 

Acid value . . 3-33 

Reichert -Meissl value . . . 0-66 

Rutyro-refractometer at 40° . . 68-8 

at 25° . . . 77-3 

Optical rotation (200 mm.) . . . 0-8° 

Fatty Acids — 

Solidifying point, 0 O. . . 23-0 

Molting point, 0 ( !. . . . 25-2 

Neutralisation value . . .183-0 

Iodine value . .139-7 

Mean molecular weight .... 312-0 

Rutyro-refractometer at 40° . . 07-3 

at 25° . . 66-0 


Page 120 

The sample of rubber seeds examined by tho editor yielded 51 per cent 
of husks and 40 per cent of kernels. The kernels, on extraction with ether, 
yielded 39-2 per eont of oil, equalling 19-2 per cent of the entire seed. The 
iodine value of the oil was I38-7. 2 


Page 141 

The rosin obtained from Finns pima represents a reddish mass, almost in- 
soluble in petroleum ether, partly soluble in ether, less so in oil of turpentine. 
The following characteristics, due to Rentier , 3 were obtained : — 

Melting point, 0 C. . .85 

Saponification value . 269-27-270-1 

Acid value . . .101-7 -102-5 

The same author al^b examined rosin from Finns Halepensis, Mill., with 
the following result : — 

Melting point, 0 C. . . 83-85 

Saponification value . . . 196-5 -199-3 

Acid value .... 180-75 182-70 

) 

, Page 183 

The exports of cotton seedboil from the United States for the years ending 
June 30, 1911, 1912, 1913* and 1914 wero 562,264, 989,989, 775,255, and 
480,668 barrols^ respectively. 

1 Sprinkmeyer ami Diedriclis 9 Znts. f. Outers. <1. Xohrys - v. Oninssui,. 1914, xxvii. 
120. 

2 Unpublished observation. 

;i Jo urn. Pham. Chim., 1912, vi. 494. 



TECHNOLOGY OF OILS, FATS,- AND WAXES- 


448 


Table facing Pale 238. 

Orange seed oil, examined by Died ricks, 1 c' tained from dried orange seeds 
which yielded 57*3 per cent of a light yellow oil, had the following character- 
istics. The characteristics of lemon pip oil are also given. These pips 
yielded 59*0 per cent of oil. 


■ 

Orange. 

Lemon. 


oil- ! 




Specific gravity at 15° C. . . . ; 

0-9251 

195-98 


Saponification valuo . i 

196-37 


Iodino valuo ; 

97-26 

107-26 


Acid valuo 

0-53 

1-75 


Insoluble volatile acids . j 

0-40 

0-30 


Reichert-Meissl value . j 

0-55 

0-55 


Refractive index at 40° ('. . . . 

57-3 

600 


Refractive index at 25° (’.... | 

65-8 

68-2 


Fatty Acids — 




Insoluble acids + Unsaponifiable . 
Solidifying point, 0 C 

95-60 

95-57 


34-0 



Melting point, °C 

39-5 



Todine valuo 1 

100-44 



Refractive index at 40'-’ C. . . . 1 

43-2 



Mean molecular weight . : 

275-1 



Saponification valuo . j 

206-2 




Table facing Page 238 

Date seeds yielded on extraction with ether 7-98 per cent of a golden 
yellow oil having the following characteristics ( Diedrichs ) 2 : — 


Oil— 

Saponification value . . . . 210-98 

Iodine value . . . . . 52-31 

Acid value . . . . . 3-44 

Refractive index at 40° (-. . . . 48-2 

Reichert-Meissl valuo .... 0-88 

Insoluble volatile acids .... 3-20 

Fatty Acids — 

Insoluble acids |-l) nsaponifiable . . . 95-32 

Unsaponifiable matter .... Traces 

Solidifying point, 0 C. . . . 18-1 

Melting point, 0 C. . . . . . 22-4 

Iodino value ..... 58-26 

Refractive index at 40° C. 33-9 

Mean molecular weight .... 257-5 


Table facing Page 238 

The seeds of Calotrojns gigantea , R. Brovin ( Asclepias gigantea, L.) 
“ Akoon seeds ” gave on extraction with ether 26-7 per cent of a green oil 

1 Chem. Revue , 1914, 1,16. 2 Ibid . 



having an intensely bitter ta^ie. The following characteristics yore 


rained 1 

Oil — 

Saponification value . . . 190*42 

Iodine value . . . > 84*27 

Polensko valuo ..... 0**35 - 

Refraction at 40° C. .... 54*5 

Reichert-Meissl value .... 0*55 

Fatly Acids — 

Insoluble acids t Unsaponifiable . . . 96-50 

Solidifying point . . . . • 31-0 

Melting point ..... 33-8 

Iodine value ..... 87-64 

Mean molecular weight .... 280-6 

Rofraction at 40° (’. .... 43-8 . 


TA ULli FACING L J AGK 238 

The fruits of the trees Varya omta and Varya a mam l)elonging to the 
Jwjlandacea (Hickory nuts) yielded on extraction 65 to 70 per cent of oil. 
The eold-pressed oil is light coloured, whereas the hot-pressed oil is darker. 
The following characteristics have been obtained for these two oils 2 : — 


Saponification value . . 

Iodine value 

Roichert-Meissl value . 

Insoluble acids + Unsaponiliable 
ltcfractivo index at 20° (■. 


Carya aniam. j 

Carya ovata. 

190-0 

189-6 

106-2 

1 106-8 

048 

0-47 

95-6 

| 95-7 

1-4699 

! 14099 


Taule fa ci no Pams 238 


M‘Fucuta Srcisn 

The seeds were obtained from Mozambique and were about the size of a 
large castor bean. The kernels yielded 60-97 per cent of oil, which gave the 
following characteristics 3 : — 


Specific gravity at I (! 0-9261 

Saponification valuo .... 188-8 

Iodine valuo . . .118-7 

Acid valuo . . . . • "'76 

lnsolublo acids + Unsaponiliable . . • 96-4 

Titer test, 0 C. . ■ • • 23-8 

Roichert-Meissl vi4uo .... 040 

V 


Tfie oil spread on gktss dried in about 9 or 10 days to a clear film. 

1 Chem. Revue, 1914, 116. ^ •> 

a Peterson and*Bailey, Journ. hid. Eng. Chem., 1913, i 39. 

8 Imp. hist. Miscellaneous Colonial Reports , 1914, 469. 
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Hooper. 1 

‘ Grinuno. 

)*7 — 



Specific gravity at 15° 0. 

Molting point, °C 

Saponification value 

Iodino valuo 

0-91 6(5-0-9359 

1 6*5°-20*7 
203-7-205-8 

88-7 -89-1 

0-9285 (20° C.) 

4- 5-5 

192*5 

82-2 

Rcichert-Moissl value 

7-7-11-54 


Fatty Acids — 

Insoluble acids 4- Unsaponiliahlc . 
Titer test 

1 

1 92-2-94-1 percent 
| 33-5°-34-5° C. 

i _ _ 



Table facing Page 404 


The seeds from M (dampy rum nr cense (“Water pepper”), a weed growing 
in Russia, yield about 35 per cent of a light coloured oil, which did not deposit 
stearjn even after cooling to below 0° C. The oil contained 1*5 per cent of 
solid unsaponifiiible matter which, after recrystallisation from alcohol, melted 
at 140° C. The following characteristics were determined 2 : — 


Saponification value .... 188*4 
Iodine value ..... 101-8 
Acetyl valuo . . . . .80*0 

Acid value ..... 0-28 

Molecular weight of acids . . . 292-0 


The high acetyl value, points to the presence of the glycerides of hydroxyl - 
atod fatty acids, and pending further confirmation the oil must be looked 
upon as related to castor oil. 

Table facing Page 404 

The fruits of Moquilia lomentom , Be nth, a tree belonging to the Rosiweae , 
indigenous to Brazil, are known locally under the name of “ Oytycera ” or 
“ Oiticeira.” The kernels yield on extraction with ether 48 per cent of a 
dark brown viscous oil. The oil possesses very slight drying properties and 
has tho following characteristics 3 : — 


0*7- 


Solidifying point, °C. . 


14*5 

Saponification value 


. 196-5 

Iodino valuo 

V 

81-5 

Acid valuo 

\ 18-3 

Rcfractivo indox at 30° 0. 


f 1-4921 

Fatty Acids — 

c 


Unsaponifiablo matter, per cent 

* 8-23 

Iodino valuo 


. 102-4 

Melting point, 0 C. 


64-67 

Mean molecular weight 


. 305*4 

Neutralisation valuo 


183*9 

Rcfractivo index at 70° 0. 


f l*867 


1 Annual Report, Indian Museum , 1P07-1908, 13. 

2 Michalewitsch, Scifcnsieder Zeit., 1914, 84 ; cp. Westn. maslob. dela, 1913, 76. 

J Griuime, Cliem. Revue , 1910, 157. 
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Tho fatty acids freed from uimponifiablo mattor amounted to 88*91 plr 
cont. 


Page 532 

The seeds from Dumoria Ee.cke.li, A. Chov., termed “ Baco ” or “ Abaku 
nuts,” were obtained from the Gold Coast ; they represented largo brown 
nuts with thick woody shells. The shells amounted to 65 per cent of the 
whole seed ; the kernel contained 60*5 per cent of fat, corresponding to 21 per 
cent calculated on the whole nut. The fat on examination gavo the following 
figures 1 : — 


Specific gravity at 100715*5° C. . . . 0*855 

Saponification value ..... 188*4 

Iodine value . . . . . .51*3 

Acid value ....... 34*7 

Titer test, ° C. . . . . . .51*2 

Cnsuponifiable matter, per cent . . . . 1*3 


Page 597 

Tho total exports of Chinese vegetable tallow in 1912 and 1913 were 
28,579,867 lbs. and 29,446,380 lbs. respectively, of which 67 per cent was 
exported from Hankow. 


Table facing Page 667 

The seeds of Poji/gala buh/raeea, Heck., a herbaceous plant indigenous to 
tropical* Hast Africa, are known in Northern Nigeria under tho namo of 
“ Cheyi.” Tho seeds are oval and flat, and of a brownish -black colour. They 
yielded 37*9 per cent of a yellowish fat having a pleasant taste. Tho sample 
examined by the Imperial Institute , 2 gave the following figures : - 


Specific gravity at lOtr/l 5*5° C. . 0*866 

Melting point, 0 C. . . . 36 

Saponification value ..... 251*0 

Todino value ...... 52*5 

Acid value ....... 1*2*1 

Insoluble acids | Unsaponifiahle . . . . 85*6 

Titer test, 0 C 37*85 

Reiehert-Meisdt value ..... 45*6 


Page 697. 

The exports of lard from Abe United States in 1913 were 476,201,909 lbs., 
valued at 53,417,398 dollars, and in 1914 the amount was 477,589,306 lbs., 
valued at 53,880,453 dollars. 


Imp. In .# J/ i seel In ucqus Colonial Reports, 1914, 543. 
1 Jbid ., p. 572 ; cp. also Hull. hup. Inst.., 1913, 62. 
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The Roman numbers i 

Abeku mils, ii. 530, iii. 453 
Abiotic acid, i. (522 
Absolute iodino value, i. 502 
Absorption spectra, i. 340 
Acacia oil, ii. 137 
Acetic acid, i. 150 
Acetin, i. 23 
Acetine, iii. 3 
Acetodibutyrin, i. 32 
Acetodiforniin, i. 32 
Acetodilaurin, i. 32 
Acctodimyristin, i. 32 
Acetodipalmitin, i. 32 
Acetodistearin, i. 33 
Acetyl acetylriciiistoarolin, i. 17 
juniperie acid, i. 212 
sabinic acid, i. 211 
stcarolin, i. 17 
value, i. 428 

values of alcohols, i. 431 
values of mono- and di -glycerides, i 
433 

values of triglycerides, i. 430 
values of unsaponifiable substances, i 
004 

Acid, abiotic, i. 022 
acetic, i. 150 
acetyl juniperie, i.#212 
acetyl sabinic, i. 21 1 
acrylic, i. 172 
aldopalmitio, i. 1 15 
angelic, i, 170 9 

arachidie, i. 100 
arachidonie, i, 21 1 
azelaic, i. 237 
bchenie, i. 107 
bchcnolic, i. 230 
brassidic, i. 190 
rassylie, i. 238 
utyric, i. 150 
eapric, i. # lo4 
caproic, i. 153 
caprylic. i. 153 
carnaiibic, i. 108 
cerotic, f. 1G8 
chaulraoogric, i. 204 


. ii, iii. denote tlui volume. 

j Acid, cheiranthie, i. 193 
■ clupanodonic, i. 210 

i cocceric, i. 213 

| cocinie, ii. 492 

j erotonoleic, ii. 228 

daturie, i. 101 
J dibasic, i. 237 

j dibromorioinolcic, i. 219 

; dihydroxybehenic, i, 230 

I p-dihydroxybehenie, i. 231 

j dihydroxyuihydro - cluiulmoogric, i. 

I 228 

l dihydroxygadoleic, i. 230 

' dihydroxyje(‘oleic, i. 230 

I dihydroxy lated, i. 227 

j diliydroxypalmitic, i. 227 

j dihydroxy palm itoleic, i. 227 

i dibydroxystearic, i. 228 

dihydroxystearic, natural, i. 221 
p-dihydroxystearic, i. 229 
dihydroxystcaridie, i. 228 
I dihydroxystcaro-. sulphuric, i. 215 

dihydroxytiglic, i. 227 
w diricinoleic, i. 215 
doeglic, i. 194 
ehcomargaric, i. 200 
ohcofitearic, i. 200 
elaidic, i. 188 
i erueic, i. 195 

| iicoeerylic, i. 150 

gadoleie, i. 194 
gaidic, i. 177 
geoceric, iii. 280 
glyceric, i. 250 
glycolic, i. 250 
glyooloxylic, i. 250 
heptftdeeamcthylcncdiearboxylic, i. 

222 

heptadccylic, ii. 550 
hcxahydroxystearic, i. 233 
hyrnnic, i. 108 
kydnocarpie, i. 20*1 
hydroxystearic, i. 225, 226, 227 
hypogffiie, i. 170 
isanic, i. 210 
* isobutylacelic, i. 153 
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Acid, isobutyric, i. 152 
iBOcetic, i. 157 
isodihydroxybohonic, i. 231 
isoorucic, i. 196 
isolinolonic, i. 209 
isolinusic, i. 233 
isboleic, i. 190 
isoricinoleic, i. 216 
isostearic, i. 162 
isosylvic, i. 617 
isotrihydroxystcaric, i. 232 
japanic, i. 222 
jecoleic, i. 194 
jecoric, i. 209 
juniporio, i. 69, 212 
kotokydroxysteario, i. 237 
lanocoric, i. 221 
lanopalmic, i. 212 
laurie, i. 154 
lignoceric, i. 167 
linolonic, i. 206 
linolic, i. 197 
liuusie, i. 233 
liver lecithin oleic, i. 193 
lycopodia, i. 177 
margarie, i. 161 
raodullic, ii. 746 
inelissic, i. 171 
millet oil, i/200 
monohydroxylated, i. 225 
montanie, i. 170 ; iii. 280 
morrhuic, ii. 435 
myristio, i. 156 

octodecamcthylenedicarboxylic, i. 222 

octohydroxyarachidic, i. 234 

octohydroxylated, i. 233 

oenanthic, i. 181 

oloic, i. 178 

palmitic, i. 158 

palinitoieic, i. 177 ; ii. 435 

pabnitolic, i. 234 

para-dihydroxy hehenie, i. 231 

para-oloie, i. 190 

pefiirgoiiic, i. 152 

pentaricinoleic, iii. 129, 197 

petroselihie, i. 192 

petroselinolie, i. 236 

phoconio, i. 152 

physetoloic, i. 177 

pimaric, i. 621 

pisangeerylie, i. 168 

polyricinoleic, i. 214 

psyllostearylic, i. 172 

quince oil, i. 221 

rapic, i. 192 

ricinclaidio, i. 220 

ricincla'ido- sulphuric, i. 220 

ricinic, i. 220 

ricinoleic, i. 213 

ricinolco-sulphuric, i. 217 ; iii. 200 

ricinstearolic, i. 236 

ricinstearoxylic, i. 237 

sabinic, i. 69, 211 

salicylic, ii. 791 

Bativic, i. 232 

sebacic, i! 237 


Acid, stearic, i. 162 
stearic, commercial, iii. 201 
sloarolic, i. 235 
suberic, i. 237 
sylvic, i. 621 
tarelaidic, i. 190 
tariric, i. 202 
tolfairic, i. 200 
tetrahydroxystoaric, i. 232 
thoobromie, i. 113 ; ii. 585 
thcrapic, i. 210 
tiglic, i. 176 
tiglieeric, i. 227 
tribromo-triiodo-stcaric, i. 208 
trichloro triiodo-stearic, i. 208 
trihydroxylaled, i. 231 
trihydroxystoaric, i. 232 
triricinoleic, iii. 129 
umhcllulic, i. 154 
valeric, i. 152 

Acid saponification, i. 79 ; iii. 225 
value, i. 437 

Acids, acetic scries, i. Ill, 150 
acrylic series, i. 1 1 1 
chaulmoogric series, i. 203 
elupanodouic series, i. 112, 210 
cyclic, i. Ill, 203 
dibasic, i. 112, 222 
dihydroxylated, i. 112, 227, 228, 
' 230 

hexahydroxystcarie, i. 233 
hydroxy kited, i. 112, 223, 564, 578 
linolcnie series, i. 112, 205 
linolic series, i. Ill, 197 
monohydroxylated, i. 225 
oleic series, i. 172 
oxidised, i. 580 
ricinoleic series, i. 112 
tetrahydroxylated, i. 232 
trihydroxystearie, i. 232 
Ac idyl derivatives of aromatic bases, 
iii. 262, 297 
Acoomoo seeds, ii. 565 
Acorn oil, ii. 294 
Acrolein, i. 218 

detection of, m glycerin, iii. 390 
Acrylic series, i. 1 1 1 
Adeps gossypii, ii#208 
lana\ iii. 431 
Adipocerc, i. 51 ; ii. 687 
Adjab oil, ii. 529 ' 

Advocate pear fat, y. (table facing page 
667) 

Aeresin, ii/. 272 
Aerisitie, iii. 423 
African oilnuts, ii. 567 
Afridi wax, ii. 108 
wax linolt am, ii. 108 
Agniti, ii. 890 ,, 

Agrosterol, i. 275 ,, 

Ajowan seed oil, ii. (table facing page 
238) 

Akajoi oil, ii. /table facing page 423) 
Akee oil, ii. 552 
Akoon seod oil, iii. 448 
Alapurin, ii. 890 



lWUHiA 


Alcohol, arachyl, i. 239 
carnaiibyl, i. 240 
ccryl, i. 240 
cetyl, i. 239 
coccoryl, i. 243 
ficocoryl, i. 243 
incamatyl, i. 242 
isooeryl, i. 241 
lanolin, i. 242 
melissyl, i. 241 
myricyl, i. 241 
oetodecyl, i. 239 
pentadecyl, i. 243 
pisangcoryl, i. 239 
psyllostoaryl, i. 242 
raphia, i. 240 
Alcohols, i. 112 
aliphatic, i. 238 
allylic series, i. 112, 242 
cyclic series, i. 1 1 3, 203 
detection of, in unsaponifiable matter, 
i. 000 

ethane series, i. 112, 238 
examination of, i. ">85, 007 
free, in waxes, i. 07 
glycolic scries, i. 1 13, 243 
Aldepalmitie acid, i, 111 
Alexandrian laurel oil, ii. 309 
Aliphatic alcohols, i. 238 
alcohols, detection of, in unsaponi- 
fiablo matter, i. 000 
alcohols, determination of, i. 000 
Alkaline earths, action of, i. 03 
Alligator oil, iii. 413 
Allophanester of castor oil, iii. 59 
Allylic series of alcohols, i. 242 
Almond oil, ii. 287 
oil, French, ii. 282 
Alumina, detection of, in fats, i. 290 
Aluminium oleato, i. 187 
Amides of fatty acids, i. 147 ; iii. 297 
Ainido- derivatives of fatty acids, i. 147 
Ammonia, action on oils and fats, i. 
64 

Ammonium caproate, i. 153 
caprylate, i, 154 
laurato, i. 155 
linolate, i. 199 
margarato, i. 102 
myristatc, i. 157 
oleatc, i. 187 

salts of fatty acid&>i. 123, 551 ; iii. 
298 

soaps, i. 139 ; iii. 325 
stoarate, i. 105 
Amoora oil, ii. 120 
Amycol^i. 275 
Amyl alcohol, i. 135 
stoarate, i. 27 
Amyftlono, ii. 5$6 

Anchovy oil, fl. (table facing page 423) 
Andiroba oil, ii. 502 
Angelic acid, i. 170 
Anhydrides M i. 517 
of fatty ucfds, i. 146 
Anilides of fatty acids, i. 147 


Animal fats, ii. 607 
fats, drying, ii. 673 
fate, 11011 -drying, ii. 682 
fats, semi-drying, ii 674 
oil, ii. 482 

oils, ii. 404-489 ; iii. 409 
oils, distinction between, and vege- 
table oils, i. 642 
waxes, i. 5 ; ii. 889 

Anis Nood oil, ii. 227 (table facing pago 
238) 

Annamitc seeds, ii. 495 
Annatto, ii. 794 
Anti ben y.inpy rin, iii. 356 
“ Antileprol,” ii. 492 
Antistoff, iii. 109 
Aouara oil, ii. 532 
Aourara kernel oil, ii. 614 
Apeiba oil, ii. (table facing pago 404) 
Apple seed oil, ii. (table facing page 238) 
Apricot kernel oil, ii. 280 
Aqueous saponification, i. 78 ; iii. 204 
Arachidic acid, i. 106 
determination of, i. 556; ii. 310 
Araehidonie acid, i. 21 1 
Araohin, i. 27 
Araehis oil, ii. 297, 720 
Arachyl acetate, i. 210 
alcohol, i. 239 
Arappo, ii. 522 
Arbuto seed oil, ii. 103 
Arbutus unodo oil, ii. 103 
Arctic sperm oil, ii. 870 
Areca nut fat, ii. Oil 
j Argan oil, ii. 322 
Argemono oil, ii. 139 
Arjun wax, ii. 930 
i Arnistevol, i. 275 
! Aromatic bases, action of, i. 64 
i Artist’s oil, iii. 131 
! “Artwin” olive oil, ii. 351 
i Aselline, ii. 430 

Ash seed oil, ii. (table facing page 238) 
A.diika, ii. 453 
Asparagus seed oil, ii. 125 
Ass in Pic fat, ii. 807 
Alta beans, ii. 295 
seed oil, ii. 295 
Auramine in butter, ii. 794 
j Auto-hydrolysis, i. 51 
| Axin wax, ii. 93(5 
Axle greases, iii. 92 
Azolaic acid, i. 237 
Azotine, ii. 091 

Badger fat, ii. (table facing pago 862) 
Bahoda oil, iii. 451 r 
Bako nuts, ii. 530 ; ' iii. 453 
Bakoly oil, ii. 88 
Balam tallow, ii. 574 
Balanophoro wax, ii. 886 
Barnbuk butter, ii. 524 
Baobab oil, ii. 51 1 
Barilla, iii. 301, 327 
Barium butyrate, i. 152 
caprate, i. 154 
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Barium glyeoroxido, i. 252 
hoxabromo-linolenato, i. 208 
linolate, i. 200 
myristato, i 157 
oloate, i. 187 
ricinoleate, i. 210 
salts, i. 141 
stearate, i. 105 
Barku olive oil, ii. 351 
Barley seed oil, ii. (table facing pago 238) 
Baryta value, i. 661, footnote 
Base oils, iii. *169 
Basic materials, 4. 07 
Basswood oil, ii. 224 
Batava oil, ii. 237 
Batching oil, ii. 462 
Baudouin’s test for sesame oil, ii. 220 
Bayborry oil, ii. 409 
tallow, ii. 656 

Bean oil, ii. Ill (tablo facing page 
238) 

Bear fat, ii. (table facing page 862) 
Beb6 oil, ii. 110 

Bocchi’s test for cotton seed oil, ii. 205 
Beechnut oil, ii. 177 
Beef lard, iii. 24 
marrow fat, ii. 744 
stoarino in lard, ii. 735 
tallow, ii. 755, 764 
Beeswax, i. 651 ; ii. 806 
candles, iii. 306 
ester value, ii. 005 
oil, ii. 001 
Bohenio acid, i. 167 
acid, determination of, i. 556 
Behenolic acid, i. 236 
di-odido, i. 236 
Behonolin, i. 20 
Beligno seeds, ii. 377 
Bon oil, ii. 373 
Benisced oil, ii. 208 
Benzin soaps, iii. 340 
Benzoic acid, ii. 702 
Benzoylperoxido, ii. 35 
Betasterol, i. 275 
Botu oil (we Zachun oil), il. 230 
Bicnhyba fat, ii. 568 
Bieber’s test, ii. 201 
Biggare seed, ii. 208 
Bilberry seed oil, ii. 150 
Birch seed oil, ii. (tablo facing pago 404) 
Bird’s foot oil, ii. (table facing page 404) 
Blackberry seed oil, ii. 151 
Blackcock fat, ii. 674 
Black fish oil, ii. 466 
grease, iii. 404 
mustard seed oil, ii. 263 
oil, iii. 427 
rocoverod oil, iii. 427 
wax of Burmah, ii. 016 
“ Blanch ierspiine,” iii. 426 
Blasting gelatin, i. 258 
Bleaching oils, fats, and waxes, ii. 30 
Blended oils, iii. 64, 78 
Blown oils, iii. 169 
boiled oils, iii. 132 


Blubbor oils, ii. 447 
oxidised, iii. 160 

Blue lupin oil, ii. (table facing page 404) 
Boiled (linseed) oil, iii. 131 
examination of, iii. 130 
Boiling points of fatty acids, i. 119 
“ Boleko ” seed oil, ii. 154 
Bombicesterol, i. 274 ; ii. 474 
Bonduc nut oil, ii. (table facing pago 238) 
Bone fat, ii. 746 
grease, iii. 408 
oil, ii. 484 

Bonito oil, (1) ii. (tablo facing page 423) 
(2) ii. (table facing page 423) 

Boot polishes, iii. 390 
Borax, ii. 790 

Boric acid, in edible fats, ii. 790 
acid, in soaps, iii. 350 
esters of glycerol, i. 257 
Borneo tallow, ii. 600 
Boroform, i. 257 
Boryslawite, iii. 268 
Bottlenoso oil, ii. 870 
Box turpentine, iii. 155 
Brassieasterol, i. 278 
Brassicasteryl acetate, i. 278 
benzoate, i. 278 
propionate, i. 278 
Brassidic acid, i. 196 
Brassidin, i. 29 
Brazil nut oil, ii. 234 
Bread oil, ii. 256 ; iii. 22 
Broad bean oil, ii. (table facing pago 
238) 

; Bromide test, i. 475, 568 
Brominated fatty acids, iii. 296 
oils and fats, iii. 120 
Bromine, actum on fats, i. 60 
addition number, i. 394 
estimation of, in fats, i. 297 
substitution number, i. 304 
thermal lest, i. 400 
value, i. 393 
Bromipin, iii. 120 

Brume-derivatives of liquid fatty acids, 
i. 568 

Bromohydrins, i. 261 
Bromo-thermal itcst of “ sterols ” and 
their acetates, i. 596 
Brown fish oil, ii. 471 
grease, iii. 432 
grease oil, iii. Q(7 
rubber substitutes, iii. 190 
Brustnei* liver oil, ii. (table facing page 

447) 

Bryony oil, ii. 163 
Buck-thorn oil, ii. 95 
Buffalo nfflk fat, ii. 807 
Bumble-bee ‘jvqix, ii. 936 
Bur oil, ii. 06 
Burdock oil, ii. 96 

Burillo oil, ii. (table facing page 404) 
Burning oil%, iii. 59 
Burnt varnish, iii. 122 
Butter, ii. 776 
adulteration of, ii. 812 
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Butter, bambuk, ii. 524 
cacao (cocoa), ii. 579 
cacao shell, ii. 590 
cacao, substitutes, iii. 55 
colouring matter in, ii. 793 
dika, ii. 659 
fat, i. 638 ; ii. 776 
fat, adulteration of, ii. 813 
fat, composition of, i. 638 ; ii. 801 
fat, soluble volatile and insoluble 
volatile acids in, i. 428 
galam, ii. 524 
gamboge, ii. 541 
ghc, ii. 890 
ghee, ii. 800 
goa, ii. 597 
illipe, ii. 522 
Indian, ii. 572 
Irvingia, ii. 664 

kanga, ii. (table facing page 667) 
kanya, ii. (table facing page 667) 
kobi, ii. (table facing page 667) 
kokum, ii. 597 
koinbo, ii. 565 

laniy, ii. (table facing page 667) 

macaja, ii. 607 

mace, ii. 560, 565 

mahua, ii. 518 

milk blended, ii. 784 

mocaya, ii. 607 

mohwrah, ii. 518 

njave, ii, 529 

nutmeg, ii. 560 

oil, ii. 798, 802 ; .ii. 27 

papua nutmeg, ii. 564 

Para, ii. 238 

perfumes, iii. 31 

phulwara, ii. 572 

preservatives in, ii. 789 

process, ii. 798 

renovated, ii. 798 

shea, ii. 524 

Sierra Leone, ii. (table facing page 
667) 

solids-not-fat in, ii. 787 
substitutes, iii. 25 
tonka, ii. 649 
vegetable, ii. 638;<iiii. 48 
water in, ii. 783 

Buttorfish liver oil, ii. (table facing page 
447) 

Butterinc, ii. 851 ; ji. 25 
Butylamine, ii. 436 
Butyric acid, i. 150 
Butyrin, i. 24 

Butyro-rcfractomotor, i. 328 
in analysis of butter, ii. 817 

Cacao butter, ii. 579 » 

flitter substitutes, iii. 55 
sfioll butlftr', ii. 590 
Cacaolino, iii. 57 
Cadmium salts, i. 142 
Cakes, ii. 17 
compound, ii. 28 
Calaba oil, ii. 369 


Calciumlbutyratc, i. 152 
caproato, i. 163 
glycoroxido, i. 252 
linolate, i. 200 
oleato, i. 187 
ricinoleate, i. 219 
stearate, i. 165 

Californian nutmeg oil, ii. 295 
Calophyllum oil, ii. 369 ; iii. 450 
Calorimetric examination, i. 373 
Camel milk fat, ii. 807 
Camelino oil, ii. 143 
Canari oil, ii. 382 
Camlolilla wax, ii. 879 
Candle hardeners, iii. 252, 262, 398 
industry, iii. 203 
material, iii. 250 
nut oil, ii- 86 
nut tree seeds, ii. 566 
stilfener, iii. 262, 281, 398 
tar, iii. 249 
tree fat , ii. 664 
Candles, iii. 204, 285 
ccresin, iii. 278 

mixed stearino and mineral wax, in. 
252 

parailin wax, iii. 252 
sperm, iii. 396 
Btoarine, iii. 204, 250, 252 
tallow, iii. 250 
| wax, iii. 396 
I Cano sugar wax, ii. 887 
J Cantharidon oil, ii. 476 
; Canutilla wax. Sec Camlolilla 
| Capillary analysis, i. 299 
I Cupric acid, i. 154 
j Ca] trin, i. 25 
j Caproio acid, i. 153 
i Ca proin, i. 25 
■ Caprylic acid, i. 153 
; ( 'aprylin, i. 25 
; Carapa oil, ii. 502 

; Caraway seed oil, ii. (table facing page 
i 238) 

Carbolic acid as solvent, in t ho examina- 
tion of oils, i. 370 
acid in soap, iii. 352 

Carbonbisulphide, ii. 20 
Carbonic acid, solubility of. in fats, i. 
162 

Carouse fat, iii. 108 

Cardamom oil, ii. 493 

Carnaiiba wax. ii. 875 

Carnaiibin acid, i. 168 

Carnftiibyl alcohol, i. 240 

Carotin in butter, ii. 794 

Carp oil, ii. (table facing pago 423) 

Carragheen moss, iii. 108 

Carrot seed oil, ii. (table facing page 238) 

Casein, ii. 787 

Cashew nut oil, ii. (table facing pago 404) 
Cassoseed oil, it. (table facing page 
238) 

Castilla thistle oil, ii. (table facing page 
110, footnote) 

Casto pomace, ii. 394 
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Castor oil, ii. 389 
oil, blown, ii. 396 
oil group, ii. 386 
oil, nitrated, ii. 403 
oil, polymerised, iii. 129 
oil preparations, iii. 58 
oil rubbor substitute, iii. 191 
oil, soluble, iii. 169 
poonac, ii. 394 
Caulosterol, i. 275 
Caustio alkalis, action of, i. 63 
Cay-cay fat, ii. 664 
Cay-soi seeds; ii. *592 
Co tree, ii. 524 
Coara rubber seed oil, ii. 126 
Cedar nut oil, ii. 141 
Celandine oil, ii. 155 
Celery seed oil, ii. (table facing pago 238) 
Celosia oil, ii. 138 
Ceresin, iii. 268 
candles, iii. 278 
Cerin, i. 168 

Coroplastes coriferus wax, ii. 936 
rubous wax, ii. 936 
Corotic acid, i. 168 
Corotin, i. 28 
Ceryl acotate, i. 241 
alcohol, i. 240 
benzoate, i. 241 
cerotato, i. 65 
palmitate, i. 65 
Cetin, i. 65 ; ii. 928 
“Cetosan,” ii. 931 ; iii. 395, footnote 
Cotyl acetate, i. 239 
alcohol, i. 239 
benzoate, i. 239 
palmitate, i. 65 
stearate, i. 65 
* Ceylon oak tree, ii. 553 
oil, ii. 626 

Chamois fat, ii. (table facing page 862) 
Champaca fat, ii. 524 
Characteristics, i. 378 
Charlock oil, ii. 271 

Charolee tree, ii. (table facing page 667, 
footnote) 

Chaulmoogra oil, ii. 491 
oil group, ii. 491 
Chaiilmoogrie acid, i. 204 
Cha-yow oil, ii. 323 
Chemical constitution of fats, i. 5 
constitution of waxes, i 64 
tests of lubricating oils, iii. 77 
Cherry kernel oil, ii. 278 
laurel oil, ii. 280 

Chervil seed oil, ii. (table facing page 238) 
Cheyi seed oil, iii. 453 
Chick pea oil, ii. (table facing page 238) 
Chicken fat, ii. (table facing page 862) 
China wood oil, ii. 72 
Chinese bean oil, ii. Ill 
nut oil, ii. 72 

staranis seed oil, ii. (table facing pago 
238) 

tung oil, ii. 72 
vegetable tallow, ii. 692 


Chinese wax, ii. 931 
wood oil, ii. 72 

Chirongi seeds, ii. (table facing pago 
667, footnote) 

Chironji oil, ii. (tablo facing pago 667) 
Chloride of sulphur. See Sulphur 
chloride 

Chlorides, i, 137 
Chlorinated oils, iii. 120 
Chlorine, action of, on fats, i. 60 
colour reactions, i. 495 
estimation of, in fats, i. 297 
Chlorodilaurin, i. 259 
Chlorodimyristin, i. 259 
Chlorodistearin, i. 260 
Chlorohydrins, i 259 ; iii. 145 
Chlorophyll wax, ii. 874 
Chocolate fats, ii. 591 ; iii. 55 
Chola'fn, iii. 437 
Choleceriu, iii. 437 
Cholepalmin, iii. 437 
Cholesterol, i. 264 

determination of, in unsaponifiablo 
matter, i. 586, 612 
esters of, i. 271 
Cholesterons, i. 605 
Cholestcryl acetate, i. 271 
benzoate, i. 272 
butyrate, i. 271 
corotate, i. 66 
formate, i. 271 
iso butyrate, i. 271 
iso valerate, i. 271 
laurate, i. 271 
oleate, i. (56 
palmitate, i. 66 
propionate, i. 271 
salicylate, i. 272 
stearate, i. 66 
Choleslot reaction, i. 270 
Choline, i. 38 
Chop oil, ii. 535 
Chrysalis oil, ii. 473 
Churn bao seeds, ii. 495 
Chung- bao seeds, ii. 495 
“ Churi,” ii. 572 
Cicade wax, ii. 936 
Cleveland meal, ik 28, 59, footnotes 
Clionasterol, i. 274 
(•loth oils, iii. 96 
(’lover oil, ii. 157' 

Clupanodonic aoidfii. 210 
acid, determination of, i. 560 

octobro*.nide, i. 211 
Coal tap oils, i. 610 
Coaltish oil, ii. (tablo facing pago 423) 
liver oil, ii. 447 
Coast cod flfll, ii. 429 
Cooceric acid,ii. r 2l3 
Coccerin, i. 66 , 

Coocoryl alcohol, i. 243 
coccerate, i. 66 
Cochin China, wax, ii. 664 
Cochin oil, ii. 626 
Cochineal wax, ii. 936 
Cocinic acid, ii. 492 



Cocoa butter, ii. 579 
nut oil, ii. 923, 724 
nut oil group, ii. 60f 
nut oil, soluble volatile and insoluble 
volatile acids of, i. 427 
nut oleine, ii. 039 
nut poonae, ii. 025 
nut stearine, ii. 03!) 

Cocoline, iii. 57 
Cod oil, ii. 428 
liver oil. ii. 424 
liver oil dcgras, iii. 410 
liver oil preparation, iii. 59 
Coffee berry oil, ii. 371 
berry wax, ii. K8G 
Cognac oil, ii. 403 
Cohesion figures, i. 29!) 

Cohune oil, ii. 009 
Cold test, i. 320 ; iii. 70 
Colloids in soap, iii. 31 1 
Colocynth oil, ii. 100 
Colophony, i. 015 
Colorimetry, i. 347 
Colour of fats, i. 494 
Colour tests, i. 492 ; ii. 202, 423 
Colouring matters in butter, ii. 793 
in suet, iii. 25 
Colza oil, ii. 243 

Commercial preparation of oils and fats, 
ii. 1 

preparation of waxes, ii. 29 
Common pea oil, ii. (table facing page 
238) 

saw fish liver oil, ii. (table facing page 
447) 

Consistence, i. 302, 032 
Constituents of fats and waxes, i. 109 
Coot fat, ii. (table facing page 802) 
Copper eaproate, i. 153 
detection of, in fats, i. 290 
lignocorate, i. 107 
oloate, i. 188 
palmitate, i. 100 
stearate, i. 105 
Copra oil, ii. 030 
Coprosterol, i. 279 
Coprostoryl acetate, i. 279 
benzoate, i. 279 
Copying ink, iii. 370? 
paper, iii. 280 
ribbons, iii. 280 
Corfu grease, iii. 92 * 

Coriander seed oil, (table facing page 
238) < 

Corn oil, ii. 100 * 

Cornel oil, ii. 294 
Coroza nut, ii. 534 
Corroine, iii. 415 
Cottoleno, iii. 49 * 

Cotton pitch, iii. 405 » 
liked foots, jii. 402 1 
sfied foot* soap, ii. 195 ; iii. 402 
seed oil, ii. 181, 721 
seed oil, blown, iii. (table facing page 
172) 

seed oil fatty acids, i. 576 


Cotton seed oil, grades, ii. 194 
seed oil group, ii. 155 > 

seed oil soap stock, ii. 195 
seed stearine (acid), iii. 405 
seed stearine (fat), ii. 190 
seed wax, ii. 883 
stearine pitch, iii. 405 
tree, ii. 179 

Con la oil, ii. (table facing page 404) 

Coumou oil, ii. 237 

Cow-itch bean, ii. 230 

('rub wood oil, ii. 502 

Crampfish oil, ii. (table facing page 423) 

(Van berry seed oil, ii. 14!) 

Crane fat., ii. (table facing page 802) 
Creams, polishing, iii. 399 
(Vesylie acid in soap, iii. 352 
Critical temperature of dissolution, i. 300 
Croton oil, ii. 227 
Elliotianus oil, ii. 131 
Crotonolcic acid, ii. 228 
i Cryoseopic methods, i. 055 ; ii. 800 
Crystallisation of glycerides, i. 053 ; 
ii. 720 

Cuajo virola fat, ii. 507 
Cumin seed oil, ii. (table facing page 238) 
(’ureas oil, ii. 231 
wax, ii. 880 

Curcuma, defection of, in butter, ii. 794 
(bird in butter, ii. 787 
Curd soap, iii. 304 
Currier’s grease, iii, 424 
Cush liver oil, ii. (table facing page 447) 
Cyclic series of acids, i. 203 
series of alcohols, i. 203 
Cyclolin, iii. 125 
Cyclostearin, iii. 127 

Dab oil, ii. 423 
Dadap seed, i. 107, 277 
Dai-phongtu seeds, ii. 495 
Dame’s violet oil, ii. 91 
Daphne oil, ii. 150 
Date seed, iii. 448 
Datura oil, ii. 170 
Daturie acid, i. 101 
Daturodistearin, ji„ 733 
Daua-Daua cakes, ii. 497 
Doblooming agents, iii. 90 
Dcgras, iii. 413 
artificial, iii. 423 
former, iii. 415 

Degreasing electrically, iii. 425 
Demargarinating oils and liquid waxes, 

ii. 30 

Denaturing oils and fats, ii. 38 
Deodorising, ii. 409 ; iii. 19, 49 
Derivatives of fatty acids, i. 146 ; iii. 
290 

Detection of acrolein, i. 248 
Determination of ash in lubricating oils, 

iii. 83 

of foreign substances in fat, i. 282 
of free acids in lubricating oils, iii. 83 
of inorganic substances in fatty 
matter, i. 289 
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Determination of paraffin wax in lubri- 
cating oils, iii. 89 
of true fat in a sample, i. 284 
of water in lubricating oils, iii. 82 
Diacotin, i. 12 
Diaeetyldiglycid, iii. 3 
Diagometor, i. 372 
Diarachin, i. 15 
Dibasic acids, i. 112, 222, 237 
Dibehonolin, i. 16 
Dibrassidin, i. 16 
Dibrornoricinoleic acid, i. 219 
Dibutyrin, i. 12 
Dicorotin, i. 15 

Dichlorohydrin, esters of, i. 261 
Dielectric, i. 373 
Dierucin, i. 16 
Diffusion constants, i. 299 
Difonnin, i. 12 
Diglycorides, i. 10 
determination of, i. 451 
mixed, i. 17 
Dihydrolutidine, ii. 136 
Dihydroxybehenie acid, i. 230 
Dihydroxy-diliydro-chaulmoogrio acid, 
‘ i. 228 

Dihydroxygadoleic acid, i. 230 
Dihydroxyjocolcic acid, i. 230 
Dihydroxylated acids, i. 112, 227, 230 
Dihydroxypalinitic acid, i. 227 
Dihydroxypalmitoleie, i. 227 
Dihydroxystoarie acid, i. 221, 228, 229 
Dihydroxystearidic acid, i. 228 
Dihydroxystearo-sulphuric acid, i. 215 
Dihydroxytiglio acid, i. 227 
Diisobutyrin, i. 12 
Dika bread, ii. 659 
butter, ii. 659 
chocolate, ii. 659 
fat group, ii. 659 
oil, ii. 659 
Dilaurin, i. 13 
Dilaurochlorohydrin, i. 259 
Dilinolin, i. 16 

Dill seed oil, ii. (table facing page 238) 
Dilo oil, ii. 369 
Dimelissin, i. 15 
Dimontanin, i. 15 
Dimyristin, i. 14 
Dirnyristochlorohydrin, i. 259 
Diolein, i. 15, 16 
Dioleostearin, i. 37 
Dipalmitin, i. 14 
Dipalmitoehlorohydrin, i. 260 
Dipalmitoolein, i. 36 
Dipalrnitostearin, i. 35 
Diricinoleic acid, i. 215 
Disinfecting soaps, iii. 337 
Disodium glycoroxide, i. 252 
Disodium-mangano-glyceroxide, i. 253 
Distearin, i. 14, 15 
Distearochlorohydrin, i. 260 
Distoarodaturin, ii. 733 
Distearolin, i. 16 
Distillation glycerin, iii. 230, 361 
oleine, iii. 97, 229, 288 


I Distillation stearine, iii. 229, 251 
! value, i. 666 
j Distilled glycerin, iii. 375 
! grease, iii. 438 
, grease, analysis of, i. 650 
greaso oleine, iii. 97, 441 
j greaso stearine, ii. 772 ; iii. 252, 443 
j greaso stearine in tallow, ii. 772 
oleine, iii. 97, 229, 288, 441 
stearine, iii. 229, 251, 443 
Dita tree, ii. 659 
Divalerin, i. 13 
Djave oil, ii. 530 
Dodder oil, ii. 143 
Dooglic acid, i. 194 
{ Dog fat., ii. (table facing page 862) 
Dogfish liver oil, ii. 445 (table facing 
page 447 ) 

Dogwood oil, ii. 294 
Doha oil, ii. 519 
Dolphin oil, ii. 466 
Domha oil, ii. 369 

Domestic cat. fat., ii. (table facing page 
862) 

duck fat, ii. (table facing page 862) 
j Driers, iii. 135 
Dripping, iii. 24, 53 
Dry soap, iii. 290 
: Drying fats, i. 4 ; ii. 673 
oils, i. 4 ; ii. 42 
oils, description of, ii. 42-155 
oils, lesser known, ii. 147 
oils, theory of, iii. 178 
“ Dubbin,” iii. 423, footnote 
Dngong oil, ii. 466 
Duhudu oil, ii. 338 
Dupada tree, ii. 577 
Dust -laying oil, iii. 109 
i Dutch butter, iii. 25 
! Dynamite, i. 258 
glycerin, iii. 375 

Eagle ray liver oil, ii. (table facing 
page 447) 

Earthnut oil, ii. 297 
Ebonite wax, iii. 250, 279 
Ebonizo, ii. (table facing page 667, foot- 
note) 

Ebullioscopic method, i. 656 
Echinops oil, ii. 1 10 
Edible fats, iii. 18, 23 
oils, i. 637 ; iii. 1 18, 20 
oils, preparation ^f, ii. 31 
Eel oil, ii. (table facing page 423) 
liver oilV ii- (table facing page 447) 
Effervescent oils, iii. 58 
Egg oil, ii. 477 
Elacoinargaric acid, i. 200 
Kkcosteario ocid, i. 200 
Elaidic acid, i. % 188 
Elaidin, i. 29 r 
| test, i. 461 
I Elaldodisteariu, i. 37 
Elaine, iii. 288 
Elderberry oil* ii. 334 
Electrical conductivity, i. 372 



Eleostearin, ii. 74 

Elk fat, ii. (tablo facing page 862) 

Elm seed, ii. (tablo facing page 404) 
Elozy oil, ii. 336 
Emulsified oils and fats, iii. 107 
waxes, iii. 399 
Emulsion fat, iii. 420 
wool oils, iii. 10.5 
Enamel paints, iii. 168 
Enamels, iii. 168 
Enkabang fat, ii. 604 
Enzymes, action of, i. 50 
Epibohonolhydrin, i. 29 
Epistoarolhydrin, i. 29 
Ergostorol, i. 275 
Erueic acid, i. 195 
determination of, i. 553 
Erucin, i. 29 
Eschwog soap, iii. 327 
Esparto wax, ii. 874 
Esters of glycerol, i. 254 
Estimation of water in fat, i. 281 
Ethal, i. 239 

Ethane series of alcohols, i. 238 
Ethereal oils in fats, j. 283 
Etholidcs, i. 68 

Ethy lusters of fatty acids, i. 149 
Eucerin, iii, 437 
Eutectic mixtures, i. 121 
Euvaselino, iii. 437 
Examination of boiled oils, iii. 139 
of greases and solid lubricants, iii. 91 
Examination and valuation of lubri- 
cating oils, iii. 66 
Example's, i. 636-6;>2 
Extraction apparatus, i. 285 
of dried soap with solvents, i. 159 
of oils, ii. 20 

of soap solution with solvents, i. 456 
Eai beans, ii. 295 

Fallow buck fat, ii. (tablo facing page 
862) 

Faradiol, i. 275 
Fat, definition of, i. 4 
determination of, i. 284 
estimation of water in, i. 28 1 
extraction apparatus, i. 285 
preparation of. for analysis, i. 280 
Fat, advoeato pear, ii. (table facing page 
667) 

arena nut, ii. 611 

badger, ii. (tablo facing page 862) 
bear, ii. (table facing page 8(52) 
beef marrow, ii. 744 » 

blackcock, ii. 674 
bone, ii. 746 
butter, ii. 776 
candle tree, ii. 664 
cay-cay, ii. 664 

clvkmois, ii. (tablo facirtg page 862) 
chainpaca, di. 524 
chicken, ii. (table facing pago 862) 
coot, ii. (tablo facing page 862) 
crano, ii. (table faeing page 862) 
culinary, iii. 24 


Fat, dika, ii. 659 , 
dog, ii. (table facing page 862) * 

domestic cat, ii. (tablo facing page 862) 
domestic duck, ii. (table facing pago 
862) 

elk, ii. (tablo facing pago 862) 
enkabang, ii. 604 

fallow buck, ii. (table facing page 862) 
fox, ii. (table facing page 862) 
glutton, ii. (tablo facing page 862) 
goose, ii. 683 
hare, ii. 678 

Himalayan bear, ii. (tablo facing pago 
j 862) 

1 hog, ii. 689 
; horse, ii. 675 

horse marrow, ii. 682 
; human, ii. 686 
| ice-bear, ii. 673 

kadam seed, ii. 515 
kakau. ii. 664 
khakan, ii. 664 
! kombo, ii. 565 

liquoring, ii. 486 ; iii. 1 Hi 
I lynx, ii. 674 
maripa, ii. 612 
! marmot, ii. 674 
! ‘‘ midgerum,” ii. 756 

| milk, ii. 776 

j mkanyi, ii. 575 

I muriti. ii. 606 
ilium, ii. 513 
mix vomica, ii. 509 
oeuba, ii. 571 

ostrich, ii. (table facing page 862) 
otoba, ii. 570 

picramnia, ii. (table faeing page 667) 
pig liver, ii. 672 

pigeon, ii. (table facing pago 862) 
pine marten, ii. (table facing page 862) 
I polecat., ii. (tablo facing page 862) 

; quioquio, ii. 614 

j rabbit, ii. 680 

rattlesnake, ii. 673 
reindeer, ii. (table facing pago 862) 
roebuck, ii. (table facing page 862) 
sawarri, ii. 555 

skunk, ii. (table facing page 862) 
stag, ii. 861 

! starling, ii. (table facing. page 862) 
sarin, ii. 574 
i taeamahae, ii. 369 

tangkallab, ii. 661 
I tangkallak, ii. 661 

tangkawang, ii. 600 
I teglam, ii. 603 

thiothio, ii. 614 

tiger, ii. (tablo facing page 862) 

turkey, ii. (table facing pago 862) 

ucuhuba, ii. 568 

urucaba, ii. 568 

voppam, ii. 613 

virola, ii. 571 

wild boar, ii. 695 

wild cat, ii. (table facing page 862) 
wild duck, ii. 674 
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Fat, wild goose, ii. 684 
#wild olive, ii. (table faoing page 667) 
wild rabbit, ii. 681 
wool, iii. 432 
Fats, animal, ii. 667 
animal, drying, ii. 673 
animal, non-drying, ii. 082 
animal, semi-drying, ii. 674 
behaviour with reagents, i. 58 
brom mated, iii. 120 
carcase, iii. 408 
chocolate, ii. 591 ; iii. 55 
edible, iii. 18 
emulsified, iii. 107 
garbage, iii. 428 
hydrogenated, i. 59; iii. 113 
iodised, iii. 120 
milk, ii. 807 
phosphorised, iii. 58 
properties of natural, i. -JO 
saponification of, i. 70 
sewage, iii. 429 
solid, ii. 490 
sulphurised, iii. 120 
synthetical, iii. I 
vegetable, ii. 490 
waste, iii. 401, 406 
Fatty acid industry, iii. 2S6 
Fatty acids (see Acids), i. 110 
acids, acetyl values of, i. 430 
acids, action on indicators, i. 124 
acids, amides of, iii. 297 
acids, ammonium salts of, i. 123 ; iii. 
298 

acids, anilides of, i. 147 
acids, behaviour with reagent s/i. 143 
acids, boiling points of, i. 119 
acids, brominatod, iii. 29(5 
acids, chlorinated, iii. 290 
acids, examination of, j. 499, 659 
acids, free, determination of, i. 437, 
636 

acids, halogen iscd, iii. 290 
acids, hydrogcuised, iii. 296 
acids, hydroxylaled, i. 578 ; iii. 296 
acids, insoluble, i. 109 
acids, insoluble, determination of, i. 
522 

acids, insoluble, preparation of, i. 109 
acids, insoluble volatile, i. 534 
acids, iodised, iii. 290 
acids, liquid, i. 560 
acids, made by tho autoclave process, 
iii. 291 

acids, made by the ferment process, 
iii. 292 

acids, mado by Twitchell’s process, 
iii. 292 

acids, mean molecular weights, i. 511 
acids, melting points of, i. 115 
acids, neutralisation values of, i. 511 
acids, non-volatile, i. 1 19 
acids, non-volatile 1 , examination of, 
i. 661 

acids, oxidised, i. 580 
acids, properties of, i. 114 


| Fatty acids, refractive index, i. 121, 508 
! acids, rotatory power, i. 509 

acids, salts of, i. 123 ; iii. 298 
acids, saturated, i. 538, 555 
acids, solidifying point of (titer test), 
j i. 506 

i acids, solubility of, i. 121, 509 

i acids, soluble volatile, i. 532 

acids, sulphurised, iii. 296 
' acids, unsaturated, i. 538 

, acids, viscosity of, i. J22 

: acids, volatile, i. 529 

i acids, wool wax, iii. 438 

Fatty oils, i. 3 
oils, as lubricants, iii. 63 
Fennel seed oil, ii. (table facing page 238) 
Fenugreek, oil from, ii. (table facing 
page 404) 

; Ferment milk, iii. 293 
oil, iii. 293 

, Ferments, action of, i. 51, 90 ; iii. 292 
Fern oil, ii. (table facing page 238) 
Fetich bean oil. ii. (table facing page 238) 
“Fettgas,” iii. 133 

Fever bush seed oil, ii. (table facing page 
404)- 

, Ficoeeryl alcohol, i. 243 
t Fieoeerylie acid, i. 156 
; Fin-back oil. ii. 454 
j Firmer oil, ii. 454 
I Fir seed oil, ii. M0 
I Fish oils, ii. 408 

stearine, ii. 428, 448; iii. 411 
i tallow, ii. 448 
I Flash point, iii. 71 

point of lubricating oils, iii. 71 
; point-of mim-rul nils, j. 360 
Flax seed oil, ii. 15 
wax, ii. 882 
Floating grease, iii. 92 
Floriein, iii. 129 footnote 
Fluorides, ii. 792 
Fony oil, ii. 51 1 

Foots from refining vegetable oils and 
fats, iii. 401 
soap, ii. 195 

Formaldehyde in butter fat, ii. 701 
in soap, iii. 353 
Formalin, ii. 79J, 

Formic acid as preservative, ii. 791 
Formin, i. 23 

Fox fat, ii. (talXo facing page 862) 
Fractional crystallisation, i. 653 
distillation, i. o58 
Free fatty acids. See Fatty acids 
Freezing mixtures, i. 325 
point of oils, i. 325 
point of lubricating oils, iii. 70 
“Fucol,” t»i. 440 
Fulla panza rul, ii. 295 
Fuller’s earth, f ii. 32 
grease, iii. 427 li;% 

Funtumia oil, ii. 128; iii. 446 
Fused driers, iii. 136 

Gaboon chocolate, ii. 659 , 
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Gadoleic acid, i. 194 
Gaidic acid, i. 177 
Galam butter, ii. 524 
Galament nut, ii. 524 
Galena oils, iii. 93 
Galipot, i. 015 
Gamboge butter, ii. 551 
Gamooso milk fat, ii. 807 
Garbago fats, iii. 42S 
Garden cress oil, ii. 239 
rocket oil, ii. 91 
“ Gazelino pralineo,” i. 252 
Genuine soap, iii. 320 
soap, composition of, iii. 310 / 

Cooeeric acid, iii. 280 
Gorman sesame oil, ii. 143 
Cotah wax, ii. 874 
Ghedda wax, ii. 907, 910 
Oheo, ii. 800, 807 
butter, ii. 800, 807 
Ghi, ii. 800, 807 
Giddamchi nuts, ii. 520 
Gingolli oil, ii. 208 
Giovani nuts, ii, 332 
Glucose, ii. 791 
Gluefat, iii. 420 

Glutton fat, ii. (table facing page 802) 
“ Glycarbin,” i. 255 
Glyceraldohyde, i. 247 
Glycerates, i. 251 
Glycerides, ii. 42 
examination of, i. 053 
fractional distillation of, i. 058 
Glycerin, chemically pure, iii. 380 
crude, iii. 359 
crude, distillation, iii. 361 
crude, fermentation, iii, 353 
crude, saponification, iii. 359 
crude, soap lye, iii. 304 
crude, Twitchell, iii. 302 
crystallised, iii. 380 
distilled, iii. 375 
dynamite, iii. 375 
foits, iii. 379 
in soap, iii. 351 
in spent lyos, iii. 304 
rofined, iii. 375 
soap crudo, iii. 364 
soap-lye, iii. 304 
Glycerinates, i. 253 • 

Glycerin manufacture, iii. 358 
Glycerol, i. 135, 243, 442 
determination of, by oxidation pro- 
cesses, i. 444 * 

determination of, by extraction with 
acotono, i. 444 

determination of, by the acotin pro- 
cess, i. 448 

determination of, as isoptopyliodidc, 
L 450 .• 

determination of, in ehomically pure 
gtyberi$*Bi. 381 

determination of, in crudo glycerin, 
iii. 371 

determination of, in cfynaraito glycer- 
in, iii. 376 


j Glycerol, determination of, in soap lyes, 

I 304 

| esters of, i. 25*4 

! Glycerolacrylal, iii. 390 
! Glycorophosphites, i. 257 
! Glycorophosphoric acids, i. 250 
j Glyceroso, i. 247 
Glycoroxides, i. 251 
| Glyceryl arsenite, i. 259 
borate, i. 257 
dinitrate, i. 257 
esters, i. 254 
mononitrate, i. 257 
stearate, i, 5 
trinitrate, i. 257 

Glycolic series of alcohols, i. 213 
Goa butter, ii. 597 
Goat’s milk fat, ii. 807 
Goat’s tallow, ii. 772 
Gondang wax, ii. 884 
Gooso fat, ii. 083 
Gurley seed, ii. 490 
Gossypol, ii. 195 
“ Graisso do couyrouck,” ii. 770 
Gramophone cylinders, iii. 279 
Grape seed oil, ii. 385 
Grease, animal, iii. 400, 409 
axlo, iii. 92 
black, iii. 404 
bone, iii. 408 
brown, iii. 432 
carcase, iii. 408 
curriers’, iii. 424 
distilled, iii. 438 
from leather refuse, iii. 420 
from tanned skins, iii. 425 
from wash leather cuttings, iii. 420 
Kullor’s, iii. 427 
kitchen, iii. 400 
lubricating, iii. 05, 92 
palm oil, ii. 551 
pig’s foot, iii. 408 
recovered, iii. 432 
rosin, iii. 92 
ship’s, iii. 400 
skin, iii. 408 
slaughter-house, iii. 406 
stuffing, iii. 423 
whalo, iii. 411 
white, iii. 407 . 

wool, ii. 889 ; iii. 432 
Yorkshiro, iii. 434 
Ground nut oil, ii. 297 
Gru-gru oil, ii. 007 
Gum turpontino, iii. 151 
Gurgi seod fat, ii. 551 
Gurjun oil, ii. 72 
Gutzeit’s test, iii. 392 
Gynocardia oil, ii. 96 

Haberle haricot bean oil, ii. (table facing 
, pago 238) 

Haddock livor oil, ii. (table facing page 
447) 

Hake livor oil, ii. (table facing page 447) 
Halphen colour roaction, ii. 203 
2 H 
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“ Hangola-Dcl,” ii. *(tablo facing page 
,, 607, footnote) 

Hartlenod fats, iii. 113 
Haro fat, ii. 678 
Hawthorn seed oil, ii. 150 
Hazelnut oil, ii. 330 
Heat of bromination tost, i. 490 
Hectographic mass, iii. 376 
Hedge mustard oil, ii. 276 
“ Heglig ” fruit, ii. 230 
Homp seed oil, ii. 93 
Honbano seed oil, ii. 132 
Hoptadeoamcthylenodicarboxylic acid, 
i. 222 , 

Hoptadecyldistearin. See. Daturo- 
distoarin 

Hoptadeeylic acid, ii. 550 
Hoptadeeylin, i. 27 
Herring oil, ii. 420 
refuse oil, ii. 421 

TTexabromide test of linseed oil, i. 572 
Hexabromotristearoliu, i. 29 
Hexahydroxystoarie acid, i. 233 
Hoxylamine, ii. 436 
Hickory nut oil, iii. 449 
Himalayan bear fat, ii. (table facing 
page 862) 

Hip oil, ii. 150 
Hog fat, ii. 689 

Hoi oil, ii. (table facing page 423) 

Hop seed oil, ii. 150 
Horn trefoil oil, ii. (table facing page 
404) 

norse-chestnnt oil, ii. (table facing page 
404) 

Horse fat, ii. 675 
marrow fat, ii. 682 
oil, ii. 678 
radish tree, ii. 367 
Horses’ foot oil, ii. 482 
Hot neck greases, iii. 95, 249 
Houge oil, ii. 499 
Huile do noiseline, ii. 102 
Huilo typo, i. 333, footnote 
Human fat, ii. 686 
Hunnulk seed, ii. 330 
Huro seed oil, ii. (table facing page 238) 
Jlyamio acid, i. 168 
Hydnocarpie acid, i. 204 
Hydnoearpus oil, ii. 493 
Hydrocarbons, i. 42, 585, 599 
Hydrocarotol, i. 275 
Hydrochloric acid, action of, on fats, 
i. 63 

Hydro -extractors, ii. 17 
Hydrogen, action of, on fats, i. 58 
action of, on fatty acids, i. 145 
peroxide, action of, i. 58 
value, i. 578 

Hydrogenated fats, i. 59 ; iii. 113 
Hydrolysis of fats, i. 70 
of soap, i. 126 
“ of waxes, i. 106 
Hydrostatic balance, i. 305 
Hydroxam derivatives of fatty acids, 
i. 148 


Hydroxy(latod) acids, i. 112, 223, 564, 
578 ; iii. 296 

acids, determination of, i. 564 
Hydroxyl value, i v 430, 604 
Hydroxystearic acid, i. 225, 226, 227 
Hypogadc acid, i. 176 
Hyraldite, ii. 35 

Lba nuts, ii. 659 
lcebear fat, ii. 673 
Ignition point, iii. 76 
Ikpan seed oil, ii. 161 
Wipe butter, ii. 522 
Illuminating oils, iii. 59 
Incarnatyl alcohol, i. 242 
Indian butter, ii. 572 
copal, ii. 577 

laurel oil, ii. (table facing page 238) 
India-rubber substitute, iii. 192 
Indicators in fat analysis, i. 124 
Indo-Chinese wax tree, ii. 665 
Inks, copying, iii. 376 
Inner iodine value, i. 562 
saponilication value, ii. 416 
I noy kernel oil, ii. 328 
Insect wax, ii. 931 
Insoluble fatl y acids, i. 109, 521 
fatty acids, iodine values of, i. 539 
volatile acids, i. 534 
Insulating material, iii. 249, 357, 395 
lnukaya oil, ii. 110 
Inukusu oil, ii. 517 
Iodine, action on fats, i. 60 
determination of, i. 60 
estimation of, in fats, i. 297 
in cod liver oil, ii. 442 
value, i. 392 

value of liquid fatty acids, i. 501 
value of mixed fatty acids, i. 539 
value of oils, fats, and waxes, i. 410 
values of pure fatty acids and their 
glycerides, i. 406 
lodipin, iii. 120 
Iodised fatty acids, iii. 296 
oils and fats, iii. 120 
Iriya oil, ii. 559 
Iron in fats, i. 291 
lrvingia butter, ii. 664 
Isanic acid, i. 210 
Isano oil, ii. 154 
isoamylamino, ii. 436 
Jsobutylacetie a. id, i. 153, footnote 
Isobutyrio acid, ) 152 
Isoceryl alcohol, i. 241 
fsocetic licit], i. 157 
fsooholesterol, i. 272 
detection of, in unsaponiliablo matter, 
i. 603 

JsocholestAryl acetate, i. 273 
benzoate, » ,373 ,j 

formate, i. 273 ,, 

stearate, i. 66 

Isodihydroxybehenic acid, i. 231 
Isoorucic acid, ,i. 196 
Isolinolenic acid, i. 209 
Isolinusic acid, i. 233 
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Jsooloic acid, i. 190 ; iii. 229 
Isoricinoleic acid, i. 210 
Isostearic acid, i. 102 
Tsosylvic acid, i. 017 
Isotrihydroxystearic acid, i. 232 

Jacarc fat, ii. 489 
oil, iii. 413 
Jaoungu nuts, ii. 332 
Jamba oil, ii. 250, 274 
Japan fish oil, ii. 410 
tallow, ii. 050 
wax, ii. 050 

wax, detection in beeswax, ii. 912, 917 
wood oil, ii. 82 
Japaneso sardine oil, ii. 410 
staranis seed oil, ii. (fable facing page 
238) 

tung oil, ii. 72 
wood oil, ii. 72 
Japanic acid, i. 222 
Jasmine flower wax, ii. 880 
Java, almond oil, ii. 382 
olives, oil of, ii. 377 
Jaw oils, ii. 408, 470 
Jecoloic acid, i. 194 
Jecorio acid, i. 209 
Jlial seeds, ii. 004 
Juniperie acid, i. 09, 212 

Kachiau oil, ii. 510 

Kadam seed fat, ii. 515 

Kado tree, ii. 521 

Kagoo oil, ii. 499 

“ Kaipluil ” seeds, ii. 505 

Kakan fat, ii. 004 

Kaku seeds, ii. 515 

Kalmmpang beans, ii. 377 

Kaloo nuts, ii. 82 

Kambara earth, ii. 32 

Kanga butter, ii. (table facing page 007) 

Kanji oil, ii. 499 

Kanoogamanoo oil, ii. 499 

Kanoogoo oil, ii. 499 

Kansive oil, ii. 517 

Kanuga-Chettn oil, ii. 499 

Kanuga-Karra oil, ii. 499 

Kanya butter, ii. (table facing page 007) 

Kapok oil, ii. 179 

Karci fish, ii. 423 

Karite oil, ii. 524 

Katiau oil, ii. 510 

Katio oil, ii. 510 

Kaumakka fat, ii. Guv 

Kaya oil, ii. 109 

Kedompo tree, ii. 524 

Keckeosiamakka fat, ii. 009 

Kekuna oil, ii. 88 

“Kelp,” iii. 301, 327 

Kendebal, iii. 208 

“Keratin,” iii. ^87 

Kotjatkil oil, fl. 553 

Ketobydroxystoaric acid, i. 237 

Ketones from fatty acids, i. J 50 

Khakan fat, ii. G64 # 

“Kienol,” iii. ,156 


Kilima Njaro nuts; ii. 332 
Kilnol oil, ii. 004 
Kirimi nuts, ii. 88 
Kiteheu grease, iii. 400 
“Kiton,” iii. 109 
Ki-yu wax, ii. 051 

Kobi butter, ii. (table facing page 007) 
Koeme do Zanzibar seeds, ii. 332 
oil, ii. 332 

Koesambic nuts, ii. 535, footnote 
Kokum Imt-ter, ii. 597 
lvombo butter, ii. 505 
fat, ii. 505 
Kon oil, ii. 553 
Korung oil, ii. 499 

Ko-samseed oil, ii. (tablefacing page 404) 

Kdttstorfer value, i. 379 

Koumounu oil, ii. (table facing page 404) 

Krankeo tree, ii. 524 

Krobao seeds, ii. 495 

Krobonko seed, ii. 334 

Kukui nuts, ii. 80 

Kusambi nuts, ii. 535 footnote 

Kusu oil, ii. 000 

Kusum oil, ii. 553 

Labreu tallow, ii. (table facing page 007) 
Laburnum seed oil, ii. (table facing page 
238) 

Lactochromes in butter fat, ii. 801 
Lactones, i. 143, 517 
determination of, i. 520, 521 
Lac tree of Kosumba, ii. 553 
Lngwort oil, ii. (table facing page 404) 
Lallomantia oil, ii. 85 
Lamk, ii. 154 

Lamy butter, ii. (table facing page 007) 
“ Lanestols,” i. 243 
[ Lanocerie acid, i. 221 
Lanocerin, i. 222 
j Lanogenc, iii. 437 
l Lanolin, i. 047 ; ii. 895 ; iii. 434 
! alcohol, i. 242 
Lanopalmie acid, i. 212 
Lard, ii. 089 
beef, iii. 24 
oil, ii. 711 
stoarine, ii. 741 

] substitutes, ii. 097 ; iii. 52 
| “Lardeen.” iii. 24 • 

“Lardine” (cotton seed oil), ii. 208 
‘‘ Lardine,” ii. 705 

Larkspur oil, ii. (table facing page 238) 
Lauranc, ii. 500 
Laurel oil, ii. 499 
nut oil, ii. 309 
wax. ii. 050 
Laurie acid, i. 154 
Laurier gree, ii. 131 
Laurin, i. 25 
Laurochlorohydrin, i. 259 
„ Laurodimyristin, i. 33 
Laurodistearin, i. 34 
Lauromyriatin, i. 17 
Laurostearin, i. 17, 25 
Laurostearomyristin, i. 34 
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Lead cerotato, i. 170 
ejetootion of, in fats, i. 291 
lignocerato, i. 167 
melissato, i. 171 
myristate, i. 157 
oloate, i. 188 
palmitate, i. 160 
plaster, iii. 357 
rieinoleato, i. 219 
salts, i. 141 
stearate, i. 165 
Lecithin, i. 38 
in butter, ii. 802 
in margarine, iii. 32 
“ Leiinfett,” iii. 426 
“ Leinolsehmalz,” ii. 56 ; iii. 25 
Lemon pips oil, ii. 224 ; iii. 148 
Lentil oil, ii. (table facing page 238) 
Liability of lubricating oils to gum, 
iii. 85 

of wool oil to gum, iii. 99 
Liebermanii'iStorch reaction, i. 624 
Lignite wax, ii. 875 ; iii. 278 
Lignoeeric acid, i. 167 
Ligustrol, i. 1 
Lilas des Jrnles, ii. 131 
Limabu nuts, ii. 332 
Lime, in fats, i. 289 
saponification, iii. 208 
Liuamarin, ii. 57 
Linaria oil, ii. 103 

Linden tree oil, ii. (table facing page 238) 
Ling liver oil, ii. (table facing page 447) 
Linolenic acid, i. 206 
determination of, i. 560 
ozonido, i. 208 
Linoleum, iii. 187 
Linolic acid, i. 197 
determination of, i. 560 
Linolo dipalmitin, i. 37 
distearin, i. 37 
Linoxyn, ii. 63 ; iii. 182 
Linseod cake, ii. 57 
oil, ii. 45 

oil, adulteration of, ii. 58, 69 
oil, boiled, iii. 131 
oil fatty acid, iii. 136, 287 
oil, lierabromide test of, i. 572 
oil lard, iii. 25 
oil, polymerised, iii. 122 
oil, solid, iii. 182 
oil varnishes, iii. 146 
Linusic acid, i. 233 
Lipase, i. 49 
action of, i. 93 
liver, i. 94 
pancreatic, i. 94 
Lipobactcria, iii. 432, footnote 
Lipoohromes, ii. 436 
Liquid driers, iii. 136 
fatty acids, i. 560, 663 
fatty aeids, determination of, i. 560 
soaps, iii. 334, 340 
waxes, ii. 862 ; iii. 63 
waxes, oxidised, iii. 169 
Liquoring fat, ii. 486 


Lithium myristate, i. 157 
oleate, i. 187 
palmitate, i. 160 
salts, i. 139, 552 
stearate, i. 165 

Lithographic ink, ii. 928 ; iii. 399 
varnishes, iii. 122 
Litmus, i. 125 
Livache test, i. 470 
(aver oils, ii. 423 
colour reaction, ii. 423 
Loofah seed oil, ii. 225 
Louc-Moue seed oil, ii. (table facing 
page 404) 

Lubricants, iii. 62, 65 
Lubricating grease, iii. 92 
paste, iii. 92 
oils, iii. 62 

Lucerne, oil from, ii. (table facing page 
404) 

Luft'a seed oil, ii. 225 
Lukrabo oil, ii. 495 
Lulu nuts, ii. 526 

Lumbo tree, ii. (table facing page 667, 
footnote) i 
Lupeol, i. 275 
Lyeopodie acid, i. 177 
Lyeo]K)dium oil, ii. 376 
Lynx fat, ii. 674 

Macaja butter, ii. 007 
Macassar oil, ii. 553 
Maeo butter, ii. 560 
Mackerel pike oil, ii. (table facing page 
423) 

oil, ii. (table facing page 423) 
Madagascar rhimba wav, ii. 885 
Madia oil, ii. 1-15 
Madol oil, ii. 000 
Mafura oil, ii. 557 
tallow, ii. 555 
Magma, iii. 427 
Magnesia, i. 97 ; iii. 19 
Magnesium cerotato, i. 170 
mclissate, i. 171 
salts, i. 141 

Mahogany nuts, ii. 530 
Mahua butter, ii. 518 
Mairuka, ii. 469 
Maize oil, ii. 16(1' 724 
Malabar tallow, ii. 577 
Manacea nut, ii.«009 
Manatee oil, ii. 4^6 
Manganeso borate", iii. 136 
Mangost&n oil, ii. 597 
Mani oil, ii. 515 
Manihot oil, ii. 126 
Mankotti oil, ii. 97 
Marble wa.V, iii. 268 
Mare’s milk f*^ ii. 807 
Margarie acid, l. 161 
f Margarine, iii. 25 
d’arachido, ii. 305 
oil, iii. 25 
Margosa oil, ii. ol3 
Marigold oxtract in butter, ii. 794 
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Marine animal oils, ii. 404 
oil, iii. 170 
soaps, ii. 605 
Maripa fat, ii. 012 
Marmot fat, ii. 074 
Marotti fat, ii. 403 
oil, ii. 404 
Marrow fat, ii. 744 

Matapassa, ii. ((able facing page 007, 
footnote) 

Maurneno test, i. 478 
Me oil, ii. 510, 522 

Mean molecular weight of fatty acids, 
i. 511 

Mechanical tests for lubricating greases, 
iii. 05 

Moduli io acid, ii. 740 
Melia azedarach oil, ii. J31 
Melilot oil, ii. (table facing page 404) 
Melissic acid, i. 17 
Melissin, i. 28 
Mclissyl acetate, i. 211 
alcohol, i. 241 
benzoate, i. 241 
melissate, i. 00 
Melon oil, ii. 407 
seed oil, ii. 105 
Melted stulf, iii. 400 
Melting point, determination of, i. 315 
point of fats and waxes, i. 322 
point of fatty acids, i. 1 1 5 
point of mixed fatty acids from oils 
and liquid waxes, i. 500 
point of mixed fatty acids from solid 
fats and waxes, i. 500 
point of mixtures of cholesteryl 
acetate with parallin wax, i. 502 
points of mixtures of cholesteryl and 
phytosteryl acetates, i. 500 
points of mixtures of cholesteryl and 
sitosteryl acetates, i. 501 
Menhaden oil, ii. 411 
Meni oil, ii. 513 
Metallic glvcerinates, i. 253 
glyceroxides, i. 251 
paints, iii. 144 
soaps, i. 141 ; iii. 200, 350 
Motel nuts, ii. 177 
Methylated spirit, i. lt>3 
mineralised, i. 104 
purification of, i. 1V3 
Mothylcstevs of fattu acids, i. 140, 004 
Metkylorange, i. 12-v 
M‘Fncuta seed oil, iii. 449 • 
Microscopic examination, i. 345, 580 
“ Midgerum ” fat, ii. 750 
Milk fats, ii. 807 
Milk- Mended butter, ii. 78f 
sugar in butter, ii. 78i 
Mill% oil acid # i. 200 
seed oil, ii.*l 32 , 

Milliau test for cotton seed oil, ii. 200 
Mineral oils, i. 600 
oils as lubricants, iii? 04 
waxes, iii. 252 

Mineralised methylated spirits, i. 104 


Minoyo beau, ii. (table facing page 2,38) 
Mixed process, ii. 20 
Mkdnyi fat, ii. 575 
Mkungu nuts, ii. 332 
Moeaya butter, ii. 007 
oil, ii. 007 

Modelling wax, iii. 305, 308 

Moellon, iii. 414 

Mohamba oil, ii. 154 

Mohwrah butter, ii. 518 

Molecular weight, of fatty acids, i. 511 

Monkey nuts, ii. 207 

Monoacetin, i. 8 

Monoarachin, i. 0 

Monohehenolin, i. 10 

Monolmtyrin, i. 8 

Monoeerotin, i. 9 

Monocldohydr'm, i. 200 

Monoform in, i. 7 

Monoglyeorides, i. 0, 451 

Monohydroxylatod acids, i. 225 

Monoisolmtyrin, i. 8 

Monolaurin, i. 8 

Monolithium-eupro-glyceroxide, i. 253 
Monomelissin, i. 0 
i Monomyrislin, i. 8 
Monoolein, i. 0 
Monopalmitin, i. 0 
Monoplumbo-glyceroxido, i. 253 
Monosodium glyoeroxide, i. 252 
Monosodium-cupro-glyeeroxide, i, 253 
Monostearin, i. 0 
Monostearochlorohydrin, i. 200 
Monostearolin, i. 10 
I Monovalerm, i. 8 
Montan wax, ii. 875 ; iii. 278 
Montanic acid, iii. 280 
Montanone, iii. 281 

Moon-bean oil, ii. (t able facing page 238) 

Moratti oil, ii. 404 

Moroccan olive oil, ii. 322 

Morrhuie acid, ii. 435 

Morrhuine, ii. 430 

Mou-i6on, ii. 503, 504 

Mountain ash berry oil, ii. 138 

Mowrah seed oil, ii. 518 

Mpingi seeds, ii. 330 

M’poga kernels, ii. 328 

Mucilage, iii. 402 • 

Mucuna oil, ii. 230 
Mulberry seed oil, ii. 152 
Munkuetti oil, ii. 07 
Murga seed fat, ii. 551 
Muriti fat, ii. 000 
Mustard oil, black, ii. 203 
tree seeds, ii. 004 
white, ii. 208 
Mu-tse-shou tree, ii. 502 
Mutton tallow, i. 755, 773 
Myricin, i. 05 
Myrieyl alcohol, i. 241 
melissate, i. 00 
palmitato, i. 05 
Myristic acid, i. 150 
Myristica canarica fat, ii. 50G 
group, ii. 559 



470 


TECHNOLOGY OF OILS, FATS, AND WAXES 


Myristioa Guatemalonsis fat, ii. 507 
Malabarica fat, ii. 505 
Surinamcnsis fat, ii. 507 
Myristin, i. 20 
Myristochlorohydrin, i. 200 
Myristodilaurin, i. 32 
Myristodistearin, i. 34 
Myristopalmitooloin, j. 30 
Myristostearin, i. 17 
Myristostearochlorohydrin, i. 200 
Myrobalan oil, i. 388 ; iii. 451 
Myrosin, ii. 230 
Myrtle seed oil, ii. 225 
wax, ii. 050 

Nahar seed, iii. 451 
Naphtha in extracted greases, i. 283 
Napht halides of fatty acids, i. M7 
Naphthenic acid, iii. 341 
Nari oil, ii. 520 
Narras seed oil, ii. 1 02 
Ndilo oil, ii. 300 
Neat’s foot oil, ii. 484 
Neem oil, ii. 513 
“Neftgil,” iii. 208 
Neja nuts, ii. 142 
Neolinc, iii. 1 00 
Neoza nuts, ii. 142 
Nette meal, ii. 407 
Neutral fat, determination of, i. 030 
fat in soaps, iii. 340 
fats, i. 5 

Neutralisation value, i. 51 J 
“ Neutroxyd,” ii. 800 
N’gart, oil, ii. 71 
Niam fat, ii. 5i3 

Nickel, detection of, iii fats, i. 202 
Nicker seed oil, ii. (table facing page 238) 
Niger seed oil, ii. 133 
Nitrated oils, ii. 403 ; iii. 104 
Nitric acid, action on fats, i. 02 
acid test for almond oil, ii. 201 
acid test for cotton seed oil, ii. 204 
Nitric esters of glycerol, i. 257 
Nitrobenzene, iii. 00 
Nitrogen tetroxido, action on unsatur- 
ated fatty acids, i. 174 
Nitroglycerin, i. 257 ; iii. 377 
Nitron aphthqlene, iii. 90 
Nitrous acid, action on acids, i. 140 
action on fat, i. 02 
acid in elaidin test, i. 401 
Njabi troo, ii. 530 
Njamplung oil, ii. 309 
Njatuo tallow, ii. 574 
Njave butter, ii. 529 
oil, ii. 529 

Njoro-Njole oil, ii. 328 
Non-drying fats, i. 5 
oils, ii. 277 

Non-floating grease, iii. 92 
Non-saturated fatty acids, i. 538 
Non-volatile fatty acids, examination 
of, i. 001 

Noumgou oil, ii. 529 
Nsa-sana oil, ii. 97 


Nulla panza seeds, ii. 295 
Nut oil, ii. 99 
Nutmeg butter, ii. 500 
Nux vomica fat, ii. 509 

Oba, ii. (table facing page 007, footnote) 
Oba oil, ii. 059 

Occurrence of fatty acids, i. 113 
Oehoco fat, ii. 509 
Ocotilla wax, ii. 880 
Octodecamethylcnedicarboxylic acid, i. 
222 

Octodecyl acetate, i. 239 
alcohol, i. 239 
palm it ate, i. 05 

Octohydroxyarachidic acid, i. 234 
Octohydroxylated acids, i. 233 
Ocuba fat, ii. 571 < 

wax, ii. 571 
Odour of fats, i. 032 
Oenauthic acid, i. 181 
aldehyde, i. 181 
Oil, abaku seed, iii. 453 
acacia, ii. 137 
acorn, ii. 294 
adjab, ii. 529 

akajoi, ii. (table facing page 423) 
akee, ii. 552 
akoon seed, iii. 448 
Alexandrian laurel, ii. 309 
alligator, iii. 413 
almond, ii. 287 
almond, French, ii. 282 
amoora, ji. 120 

anchovy, ii. (fable facing page 423) 
andiroba, ii. 502 
animal, ii. 482 

anis seed, ii. 227 (tabic facing page 
238) 

aouara, ii. 532 

aouara kernel, ii. 014 

apeiba, ii. (table facing page 404) 

apple seed, ii. (table facing pago 238) 

apricot kernel, ii. 280 

arachis, ii. 297, 720 

arbute seed, ii. 103 

arbutus unedo, ii. 103 

arctic sperm, ii. 870 

argan, ii. 322 * 

argemono, ii. 139 

ash seed, ii. (table facing page 238) 

asparagus seed-ii. 125 

atta seed, ii. 295 

baco sdtd, iii. 453 

baheda, iii. 451 

bakoly, ii. 88 

baobab, ii. 511 

barley sold, ii. (tablo facing page 238) 
basswood, iir.^24 ^ 

bastard clover, ii. (ta^le facin^pago 
* 404) 

batava, ii. 237 
batching, ii. 402 
bayberry, ii. 499 

bean, ii. Ill (tablo faejng page 238) 

bebe, ii. 110 ^ 
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Oil, beechnut, ii. 177 
beeswax, ii. 001 
ben, ii. 1173 
bouisoed, ii. 208 
betu, ii. 230 
bilberry seed, ii. 150 
birch seed, ii. (table facing page 404) 
bird’s foot, ii. (table facing page 404) 
black, iii. 427 
black berry seed, ii. 151 
black fish, ii. 401) 
black mustard seed, ii. 203 
black recovered, iii. 07, 427 
blue lupin, ii. (table facing page 404) 
bondue nut , ii. (table facing page 238) 
bone, ii. 484 

bonito, ii. (table facing page 423) 
bottlonose, ii. 870 
Brazil nut, ii. 234 
bread, ii. 250 

broad bean, ii. (table facing page 238) 

brown fish, ii. 471 

brown grease, iii. 97 

brusmerliver, ii, (table facing page 447) 

bryony, ii. 103 

buck -thorn, ii. 05 

bur, ii. 00 

burdock, ii. 00 

burillo, ii. (Uble facing page 404) 

butter, ii. 708, 802 

butter fish, ii. (fable facing page 447) 

calaba, ii. 300 

Californian nutmeg, ii. 205 

ealophyllum, ii. 300 ; iii. 450 

camcliuo, ii. 143 

eanari, ii. 382 

candle nut, ii. 80 

cantbariden, ii. 470 

carapa, ii. 502 

caraway seed, ii. (table facing page 238) 
carp, ii. (table facing page 423) 
carrot seed, ii. (table facing page. 238) 
cashew nut, ii. (table facing page 404) 
casso seed, ii. (table facing page 238) 
castor, ii. 380 
ceara rubber seed, ii. 120 
cedar nut, ii. 141 
celandine, ii. 150 

celery seed, ii. (taVc facing page 238) 

celosia, ii. 1 38 

Ceylon, ii. 020 * 

charlock, ii. 271 

chaulmoogra, ii. $01 

cha-yow, ii. 323 t 

cherry kernel, ii. 278 

cherry laurel, ii. 280 

chorvil seed, ii. (table facing pago 238) 

d*)yi seod, iii. 453 f 

chick pea, ii. (table facing page 238) 

Chinese bean, ii. In 

(Ifcincse iWf, ii. 72 

Chinese staranis seed, ii. (table facing 
page 238) 

Chincso tung, ii. 78 
Chinese wood, ii. 72 
chirony, ii. (table facing pago 007) 


Oil, chop, ii. 535 
chrysalis, ii. 473 
clover, ii. 157 

coalfish, ii. (table facing pago 423) 

eoalfish liver, ii. 447 

coast cod, ii. 420 

Cochin, ii. 020 

cocoa nut, ii. 023, 724 

cod, ii. 428 

cod liver, ii. 424 

coll'eo berry, ii. 371 

cognac, ii. 403 

column, ii. 000 

colocynth oil, ii. 100 

colza, ii. 243 

common pea, ii. (table facing pago 238) 
copra, ii. 030 

coriander seed, ii. (table facing pago 
238) 

corn, ii. 100 

cornel, ii. 294 

cotton seed, ii. 181, 721 

eoula, ii. (table facing page 404) 

eoumou, ii. 237 

crab wood, ii. 502 

cramp lish, ii. (table facing page 423) 

cranberry seed, ii. 140 

croton, ii. 227 

croton Elliotianus, ii. 131 

cumin seed, ii. (table facing page 238) 

curcas, ii. 231 

cusk liver, ii. (fable facing pago 447) 

dab, ii. 423 

dame’s violet, ii. 01 

daphne, ii. 150 

dale seed, iii. 448 

datura, ii. 170 

dika, ii. 050 

dill seed, ii. (fable facing page 238) 
dilo, ii. 300 
djavo, ii. 530 
dodder, ii. 143 

dogfish liver, ii. (table facing page 447) 

dogwood, ii. 204 

dolia, ii. 510 

dolphin, ii. 400 

domba, ii. 300 

dugong, ii. 400 

duhudu, ii. 338 

eagle ray liver, ii. (table facing pago 
447) 

oarthnut, ii. 207 

cchinops, ii. 110 

eel, ii. (table facing pago 423) 

eel liver, ii. (table facing page 447) 

egg, ii. 477 

elderberry, ii. 334 

elm seed, ii. (table facing pago 404) 
elozy, ii. 330 

fennel seed, ii. (table facing page 238) 
fenugreek, ii. (table facing pago 404) 
ferment, iii. 203 
fern, ii. (table facing page 238) 
fetich bean, ii. (tablo facing pago 238) 
fever bush seed, ii. (tablo facing page 
404) 
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Oil, finback oil, ii. 4£>4 
fiwier oil, ii. 454 
fir seed, ii. 140 
flax sood, ii. 45 
fony, ii. 511 
fulla panza, ii. 295 
funtumia, ii. 128; iii. 440 
garden cress, ii. 239 
garden rocket, ii. 91 
Gorman sesame, ii. 143 
gingelli, ii. 208 
gorley seed, ii. 490 
grape seed, ii. 385 
ground nut, ii. 297 
gru-gru, ii. 007 
gynocardia, ii. 90 

liaborlo haricot bean, ii. (table facing 
pago 238) 

haddock liver, ii. (table facing pago 
447) 

hake liver, ii. (table facing pago 447) 

hawthorn seed, ii. 150 

hazelnut, ii. 330 

hedge mustard, ii. 270 

hemp seed, ii. 93 

honbano seed, ii. 132 

horring, ii. 420 

herring refuse, ii. 421 

hickory nut, iii. 419 

hip, ii. 150 

hoi, ii. (table facing pago 423) 
hop seed, ii. 150 

horn trefoil, ii. (table facing pago 404) 
horso chestnut, ii. (table facing page 
404) 

horses’ foot, ii. 482 
huro seed, ii. (tablo facing page 238) 
hydnocarpus, ii. 493 
‘ Ikpan seed, ii. 101 
Indian laurel, ii. (table facing pago 238) 
inoy kernel, ii. 328 
inukaya, ii. 110 
inukusu, ii. 517 
iriya, ii. 559 
isano, ii. 154 
jacar6, iii. 413 
jarnba, ii. 250, 274 
Japan fish, ii. 41.0 
Japanese sardino, ii. 410 
Japancso stafanis scod, ii. (tablo facing 
pago 238) 

Japanese wood, ii. 82 
Java almond, ii. 382 
Java olive, ii. 377 
Kachiau, ii. 510 
kagoo, ii 499 
kanji, ii. 499 
kanogoo, ii. 499 
kanoogamanoo, ii. 499 
kansive, ii. 517 
kanuga-chettu, ii. 499 
kanuga-karra, ii. 499 
kapok, ii. 179 
karite^ii. 524 
katiau, ii. 510 
katio, ii. 510 


Oil, kaya, it! 109 
kokuna, ii. 88 
kotjatkil, ii. 553 
kilnel, ii. 004 
koemo, ii. 332 
kon, ii. 553 
korung, ii. 499 

kO-sarnseed, ii. (table facing page 404) 
koumounu, ii. (table facing pago 404) 
kusu, ii. 000 
kusum, ii. 553 

laburnum seed, ii. (table facing pago 
238) 

lag wort, ii. (table facing page 404) 
laliomantia, ii. 85 
lard, ii. 74 I 

larkspur, ii. (table facing page 238) 

laurel, ii. 499 

laurel nut, ii. 309 

lemon pips, ii. 224 ; iii. 448 

lentil, ii. (table facing page 238) 

1 inaria, ii. 103 

linden tree, ii. (tablo facing page 238) 
ling liver, ii. (table facing page 447) 
linseed, ii. 45 
loofah seod, ii 225 
louc-mouc seed, ii. (table facing pago 
404) 

Lucerne, ii. (table facing page 404) 
luffa seed, ii. 225 
lukrabo, ii. 495 
lycopodium oil, ii. 370 
macassar, ii. 553 

mackerel pike, ii. (table facing pago 
423) 

madia, ii. 145 

madol, ii. 000 

mafura, ii. 557 

maizo, ii. 100, 724 

malukang, i. 423 

manatoo, ii. 400 

mangostocn, ii. 597 

mani, ii. 515 

manihot, ii. 120 

manketti, ii. 97 

margarine, iii. 25 

margosa, ii. 513 

marotti, ii. 494 

mo, ii. 519, 522# 

melia azedaraeh, ii. 131 

melilot, ii. (tabli; facing pago 404) 

melon, ii. 407 

melon seed. ii. 1<*5 

menhade$, ii. 411 

meni, ii. 513 

M‘Fucuta seed, iii. 449 

millet seod, ii. 132 

minogo bca*i,ii. (table facing page£38) 
mocaya, ii. 6(H 

mohamba, ii. 1^4 * 

moon-bean, ii. (tablo facing page f 38) 
* Moroccan olive, ii. 322 
mountain ash berry, ii. 138 • 
mowrah seed, ii% 518 
mucuna, ii. 230 
mulberry seed, ii. 152 • 
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Oil, munkuetti, ii. 97 * 

mustard, ii. 2(53 
myrobalan, i. 388 ; iii. 451 
myrtlo seed, ii. 225 
nari, ii. 529 
narras seed oil, ii. 102 
nd ilo, ii,. 309 
noat’s foot, ii. 484 
neoni, ii. 513 
n’gart, ii. 71 

nicker seed, ii. (table facing page 238) 

nigor seed, ii. 133 

njamplung, ii. 309 

njavo, ii. 529 

njoro-njolo, ii. 328 

noumgoii, ii. 529 

nsa-sana, ii. 97 

nut, ii. 99 

oba, ii. 059 

oleander, ii. (table facing page 101); 

iii. 451 
olco, iii. 25 
olive, ii. 338 
olivo kernel, ii. 307 
orange seed,ii. (tabic facing page 238) ; 

iii. 448 
owala, ii. 295 
oytycera seed, iii. 452 
paeean, ii. 220 
palm, ii. 533 
palm kernel, ii. 014, 724 
palm nut, ii. 014 

paprica, ii. (table facing page 238) 

para butter, ii. 238 

para palm, ii. 238 

para rubber tree seed, ii. 129 

paradise nut, ii. 380 

parkia, ii. 497 

parsley seed, ii. (tables facing pages 
238 and 404) 
payena, ii. 517 
poach kernel, ii. 285 
pear seed, ii. (table facing page 238) 
peanut, ii. 297 
pecan, ii. 220 
pekea nut, ii. 555 
perilla, ii. 42 
persimmon seed, ii. 173 
physic nut, ii. 235 

pigoon pea, ii. (table facing page 238) 
pilchor, ii. (table facing page 423) 
pine nut, ii. 141 

pink clover, ii. (table facing page 404) 
pinnay, ii. 309 y 

pinot, ii. 238 
pistachio, ii. 329 
pitjoeng, ii. 496 * 
plum kernel, ii. 283 3 

pollock, ii. (table facing page 423) 
pollock liver, ii. (tal4e facing pago 447) 
J^ngam, «. 497 

pongro, i. 553 3 

poonaeed, ii. 369 

poppy seed, ii. 119 

porpoise, ii. 469 

pumpliin scod, ii. J00 


Oil, purging nut, ii. 231 
quince, ii. 277 11 

radish seed, ii. 272 
rape, ii. 243 
raspberry seed, ii. 147 
ravison, ii. 241 

ray liver, ii. (table facing pago 447) 
red, iii. 217 

red clover, ii. 157 (table facing pago 
404) 

red currant seed, ii. MS 
reniala, ii. 511 
rice, ii. 321 

rubber seed, ii. 129; iii. 447 
rubson, ii. 243 

rye seed, ii. (table facing page 238) 
safllower, ii. 104 
saffron, ii. 104 

saitli, ii. (table facing pago 423) 

salmon, ii. 419 

samaim, ii. 490 

sanguinolla, ii. 294 

sardel, ii. (table facing page 423) 

sardine, ii. 418 

sasanqua, ii. 327 

scarlet runner, ii. (table facing pago 
238) 

scrim, iii. 186 

scup, ii. (table facing pago 447) 

sea kale, ii. 270 

seal, ii. 448 

sea lion, ii. 453 

socale, ii. 381 

sedge, ii. (table facing page 404) 
seek, iii. 97, 427 
sehu, ii. 407 
sonat seed, ii. 164 
senega root, ii. 375 
service berry, ii. 138 
sesame, ii. 208, 720 
shark liver (Aretio and Japan), ii. 446 
(table facing pago 447) 
shark ray, ii. (table facing page 447) 
shea nut, ii. 527 
sheep’s foot, ii. 480 
skate liver, ii. 440 (table facing pago 
447) 

small fennel, ii. (table facing pago 238) 

soap tree, ii. (table facing pago 404) 

sod, iii. 413 * 

soja bean, ii. Ill 

solidified, iii. 91 

sorghum, ii. 237 

sorindeia, i. 423 

soy bean, ii. Ill 

sporm, ii. 803 

spice bush seed, ii. (table facing pago 
404) 

spindle tree, ii. 220 (table facing page 
238) 

spoonwort, ii. 270 

sprat, ii. (table facing page 423) 

8quetcague, ii. (table facing pago 447) 

staff tree, ii. 337 

sterculia, ii. 377 

stickleback, ii. (table facing pago 423) 
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Oil, stillingia, ii. 8I> 
strttwberry seed, ii. 147 
strophantus seed, ii. 375 
sturgeon, ii. (table facing page 423) 
sulphur olive, ii. 346, 358 
sunfish, ii. (table facing page 423) 
sunflower, ii, 135 
husu, ii. 467 
swallow-wort, ii. 156 
tallow, ii. 764 
tallow seed, ii. 89 

tamarind seed, ii. (table facing page 
238) 

tea seed, ii. 323 
tool, ii. 208 

terminalia, i. 388 ; iii. 451 
terrestrial animal, ii. 473 
thistlo seed, ii. 110 
tlion, ii. (table facing pago 238) 
thorn apple seed, ii. 176 
toadstool, ii. (table fa in:/ p,v:e 101 ) 
tbbaeeo seed,ii. It.ible I irin_' j »a 23s) 
toi, ii. 83 footnote 
tomato seed, ii. 172 
torpedo shark, ii. (table facing pago 
447) 

touloueouna, ii. 502 
tournant, ii. 316 
tropieolum, ii. 380 
tsubaki, ii. 326 
tuenm, ii. 532 
tung, ii. 72 

tunny, ii. (table facing page 423) 
tunny liver, ii. (table facing page 447) 
Turkish clover, ii. (table facing pago 
401) 

turtle, ii. 463 
udilo, ii. 369 
ung, ii. 499 

ungnadia, ii. (table facing page 104) 
unguoko, ii. 154 
varnish, iii. 146 
veepa, ii. 513 

vetch, ii. (table facing page 238) 

wallflower seed, ii. 145 

walnut, ii. 99 ; iii. 446 

water cress, ii. 276 

water melon, ii. 163 

water pepper, iii. 452 

wax, ii. 125 * 

weld seed, ii. 153 

whale, ii. 454 

whalebone, ii. 456 

wheat, ii. 174 

wheat moal, ii. 293 

white acacia, ii. 01 

white clover, ii. 157 (table facing 
pago 404) 

white lupin, ii. f table facing page 404) 
white molilol, ii. (table facing page 404) 
white mustard seed, ii. 268 
white sting ray, ii. (table facing page 
447) 

whiting, ii. (table facing page 423) 
whiting livor, ii. (table faciug page 447 ) 
wild mango, ii. 659 


Oil, winter cross, ii. 276 
woad, ii. 276 
wood, iii. 147 

wound wort, ii. (table facing page 404) 
yellow acacia, ii. 137 
i yellow clover, ii. (table facing page 404) 
yellow lupin, ii. (table facing page 404) 
zacliun, ii. 230 
zawa, ii. 513 
Oil cakes, ii. 18 
of turpentine, iii. 150 
nuts, ii. 566 
testing machines, iii. 96 
thickener, iii. 83, 357 
thickener in lubricating oils, iii. 83 
varnishes, iii. 144 
Oiliness, iii. 95 
Oils, animal, ii. 104-489 
base, iii. 169 
blended, iii. 64, 78 
blown, iii. 169 
blubber, ii. 447 
! boiled, iii. 131 

j brominated, iii. 120 

burning, iii. 59 
j chlorinated, iii. 120 

| cloth, iii. 96 

i coal tar, i. 610 

(hmiiM‘L r :irinidin'_ r , ii. 36 
drying, ii. 12 
dust laying, iii. 109 
edible, iii. 18, 20 
edible, preparation of, ii. 31 
effervescent, iii. 58 
i emulsified, iii. 107 

, fatty, i. 3 ; iii. 63 

i fish, ii. 408 

galena, iii. 93 
green, iii. 135 
illuminating, iii. 59 
iodised, iii. 120 
lesser known drying, ii. 147 
lesser known fish, ii. (table facing pago 
423) 

i lesser known liver, ii. (table facing 
page 4-17) 

lessor known non -drying, ii. (table 
facing pago 404) 

lesser known setu-drying, ii. (table 
facing page 238); iii. 450 
liver, ii. 423 
lubricating, iii. 62^ 
marino animal, ii*404 
mineral, i|h 61 
nitrated, iii. 194 
non-drying, ii. 277 
I oxidised, iii. 169 0 

j ozonised, iii 141 

j paint, iii. 61 * 

phosphorisod, ill. 58 

| plumbago, iii. 93 

- polymerised, iii. 121 
preserving, ii. 37 
properties of natural, i. 40 
refining and bleaching, ii. 30 
rosiu, iii. 79 • 
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Oils, salad, iii. 20 
semi-drying, ii. li»5 
signal, iii. 00 
solidified, iii. 91 
soluble castor, iii. 109 
sulphonatcd, iii. 195' 
sulphurised, iii. 120 
sweet, iii. 20 
table, iii. 21 
tar, iii. 82 

terrest rial animal, ii. 179 
tliickoncd, iii. 109 
turkey-red, iii. 195 
vegetable, ii. 42 
vulcanised, iii. 190 
waste, iii. 97, 401 
weather, iii. 00 
winter, ii. 27 
wool, iii. 90 
Oleaginous seeds, ii. 5 
Oleander oil, ii. (table facing page 404 ) ; 

iii. 451 
Olcanol, i. 1 
Oleaso, ii. 254 
Oleato aluminium, i. 187 
ammonium, i. 187 
barium, i. 187 
calcium, i. 187 
copper, i. 188 ' 
lead, i. 188 
lithium, i. 187 
potassium, i. 180 
silver, i. 187 
sodium, i. 180 
Oleic acid, i. 178 
acid, commercial, iii. 288 
acid, Conversion into candle material, 
iii. 222 

acid, conversion into elai'dic acid, iii. 
222 

acid, conversion into palmitic acid, 
iii. 223 

acid, determination of, i. 500 
acid, determination of, in press cakes, 
iii. 218 

acid ozonide, i. 1 82 
Olein, i. 28 
Oleine, iii. 288 
cocoa nut, ii. 039* 
cotton foots, iii. 405 
distillation, iii. 9;, 229, 288 
distilled, iii. 97, 229, 288 
distilled grease, ni. 97, 290, 441 
palm nut, ii. 021 9 

saponification, iii. 288 
saponified, iii. 97 
wool fat, i. 050 » 
v»ool oil, iii. 97 ® • 

Oleodipalmitin, i. 30 . 

CfeodisteariiL i. 30 
OlAmiargarinc, ii. 750 ; iii. 25 
Oleo oil, ii. 750 ; iii. 25 % 

Oloopahnito butyrate, i. 18 
Oloopalmitostearin, i. 30 ’ 

Oleo-rofractomcter, i. 332 
in analy^s of butter, ii. 817 


Olco-refraetometor, in analysis of lard, 

ii. 717 * «• 

Oleostearine, ii. ,750 ; iii. 20 

Olid fatly acids, iii. 411 
Olivo oil, ii. 338 
kernel oil, ii. 307 
oil grease, ii. 345, 307 
oil, varieties of, ii. 344 
Olives of Java, ii. 377 
Opachala seeds, ii. 295 
Opium wax, ii. S74 
Optical rotation, i. 344 
rotation of fatty acids, i. 122 
Orange seed oil, ii. (table facing page 
238) ; iii. 448 

Organoleptic methods, i. 032 
Ostrich fat, ii. (table facing page 802) 
Ote seeds, ii. 505 
Otoba fat, ii. 571 
wax, ii. 571 
Olobit, ii. 570 
Ourere nuts. ii. 530 
Owala oil, ii. 295 
seeds, ii. 295 

Oxidation products of fatty acids, i. 
223 

of unsaturated fatty acids, i. 224 
Oxidised acids, i. 580 
oils, iii. 109 

Oxygen and ozone absorption tests, 
i. 400 

Oxyoloates, iii. 202 
Oytycera seed oil, iii. 452 
Ozokerite, iii. 208 
Ozone, action of, on fats, i. 59, 407 
on fatty acids, i. 59, 145, 182, 205; 

iii. 414 
value, i. 408 

Ozonidcs, i. 145 
Ozonised oils, iii. 141 

Dacca tree, ii. 553 
Face an oil, ii. 220 
Faint oils, iii. 0! 

Faints, iii. 143 

antifouling, iii. 143, 250, 278 
antirusting, iii. 143, 250, 278 
Fainty seed, ii. 390 
Faka tree, ii. 553 
Palmitic acid, i. 158 * 

acid, determination of, i. 550 
acid, separation from oleic acid, i. 538 
Palmitin, i. 20 
Palmito chlorohydrin, i. 200 
Falmitodistearin, i. 35 
Palm itoleic acid, i. 177; ii. 435 
i Palmitolic acid, i. 234 
Palm oil, ii. 533 
kernel oil, ii. 014, 724 
nut oil, ii. 014 
nut oleine, ii. 021 
nut stearine, ii. 021 
oil groase, ii. 551 
wax, ii. 885 * 

Paprica oil, ii. (table facing page 238) 
Papua nutmeg butter, ii. 504 
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Para butter, ii. 238 
diltydroxybehonic acid, i. 231 
palm oil, ii. 238 
rubber treo seed oil, ii. 129 
Paradise nut oil, ii. 380 
Paraffin scale, iii. 257 
determination of, in lubricating oils, 
iii. 89 

wax, iii. 252 
wax candles, iii. 207 
wax, detection in unsaponifiable 
matter, i. 008 
Para-oleic acid, i. 190 
Parkia oil, ii. 497 

Parsley seed oil, ii. (table facing pages 
238 and 404) 

Payona oil, ii. 517 
Peach kernel oil, ii. 285 
Peanut oil, ii. 297 

Pear seed oil, ii. (table facing page 238) 
Peat wax, ii. 875 ; iii. 282 
Pedhn oil, ii. 220 
Pekea nut oil, ii. 555 
Pelargonic acid, i. 152, 175 
Pentadeeylic alcohol, i. 213 
Pontaricinoleic acid, iii. 129, 197 
Porborato, ii. 35 ; iii. 338, 341, 353 
Perfumes, iii. 31 
Porilla oil, ii. 42 
Porozonides, i. 145, 183 
Persian lilac seeds, ii. 131 
Persimmon seed oil, ii. 173 
Potroleum, iii. 04, 100 
Petroselinic acid, i. 192 
Potro8elinolic acid, i. 230 
Potrosilan, i. 599 

Pharmaceutical compounds, iii. 120 
Phascolunatin, ii. 57 
Phenolplithaloin, i. 124 
Phloroglucinol test for almond oil, ii. 291 
Phoconic acid, i. 152 
Phonograph mass, ii. 879 ; iii. 280, 395, 
398 

Phosphatides, i. 37 

Phospho-molybdic acid as reagont, i. 495 
acid test, ii. 424 

Phosphoric acid as roagent, i. 495 
esters, 255 

Phosphorisod oils, iii. 58 
Phosphorus in fats, i. 294 
Phulwara butter, ii. 572 
Physetoleic acid, i. 177 
Physio nut oil, ii. 231 
Physical methods of examining fatty 
oils and liquid waxes, i. 298 
methods of examining solid fats 
and waxos, i. 298 

properties of oils, fats, and waxos, 
' i. 298 

tests of lubricating oils, iii. 00 
Phytosterol, see Sitosterol, i. 4, 274 
in unsaponifiable matter, i. 585 
tost, i. 580 

Phytostefyl acotato test, i. 588, 042 
Pichurim boans, i. 155 
Picnometor, i. 303 


Picramnia fat, ii. (table facing pag: 067) 
Pigeon fat, ii. (tablo facing page 802) 
Pigeon-pea fat, ii. (table facing page 238) 
Pig liver fat, ii. 072 
Pig’s foot grease, ii. 092 
Pi-ieou, ii. 593 

Pilchor oil, ii. (table facing page 423) 
Pilu seeds, ii. 004 
Pirnaric acid, i. 021 
Pinatcs, i. 023 

Pinemartenfat,ii. (table facing page 802) 
nut oil, ii. 141 
oil, iii. 150 
Piney tallow, ii. 577 
Pink clover oil, ii. (table facing page 404) 
Pinnay oil, ii. 3(59 
Pinno tree, ii. 577 
Pinolin, i. 009 
Piuot oil, ii. 238 
Pisan g wax, ii. 884 
Pisangceryl alcohol, i. 239 
Pisangccrylic acid, i. 108 
Pistachio oil, ii. 329 
Pitch, brewer’s, iii. 120 
from cotton seed foots, iii. 405 
from distilled grease, iii. 444 
from stearine, iii. 249 
from wool fat, iii. 444 
Pitjoong oil, ii. 490 
Pi-yu, ii. 593 
Plum kernel oil, ii. 283 
Plumbago oils, iii. 93 
Polariuietrie examination, i. 313 
examination of oils, i. 343 
examination of rosin oils, i. Oil 
Polarisation microscope, i. 315 
Polecat fat, ii. table facing page 802 
Polishes, iii. 395, 398 
Pollock liver oil, ii. tablo facing page 
447 

Pollock oil, ii. table facing page 423 
Polyglycerols, i. 202 ; iii. 379 
Polymerised oils, iii. 121 
castor oil, iii. 120 
linseed oil, iii. 122 
safflower oil, iii. 128 
Polymerised stercnlia oil, iii. 130 
tung oil, iii. 120 
Polyricinoleie acids* i. 214 
Pongam oil, ii. 497 
Pongro nuts, ii. 554 
oil, ii. 553 ^ 

Pontianak tallow, iir 001 
Poonsoed oil| ii. 309 
Poppy seed oil, ii. 119 
Porpoise oil, ii. 409 
Potash soaps, iii. 331 
Potassium bisfearate, i. 126 
corotate, i. 17(i 
cupriglycorato, i. 254 t 
hoxabromo linolenato, i. SOS 
linolato, i. 199 
oleate, i. 180 
palmitate, i. 160* 
stearate, i. 105 
Poudretto, iii. 427 
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Poutet’s tost, i. 402 
Precipitated driers, iii. 120 
Premier jus, ii. 750 ; iii. 20 
Preservatives in butter, ii. 789 
in margarine, iii. 88 
Preserving oils and fats, ii. 87 
Prirnissima jus, iii. 27 
Printing ink, iii. 401 
Process butter, ii. 798 
Propolis, ii. 890 
Protoparafim, iii. 251, 207 
Psylla wax, ii. 984 
Psyllostoaryl aeotate, i. 2-12 
. alcohol, i. 242 
benzoate, i. 242 
Psyllostearylie acid, i. 172 
Pumpkin seed oil, ii. 158 
Purging nut oil, ii. 281 
Putty oil, ii. 70 ; iii. 170 
Pwenget, ii. 910 

Pyal tree. ii. (table facing page 007, 
footnote) 

Pyroparaffin, iii. 252, 207 

Qualitative examination of fats, i. 401 
Quantitative analysis of fats, i. 277 
reactions, i. 278 
Quince oil, ii. 277 
oil acid, i. 221 
Quioquio fat, ii. 014 

Rabbit fat, ii. 080 
Radish seed oil, ii. 272 
Rai seed, ii. 204 
Rambutan tallow, ii. 577 
Rancidity, i. 51 
conditions favouring, ii. 87 
tests for, i. 50 
Rape oil, ii. 242 

oil, blown, iii. (table facing page 172) 
oil, group, ii. 229 
oil rubber substitute, iii. 191 
oil stoarine, ii. 257 
Raphia alcohol, i. 240 
wax, ii. 882 
Rapic acid, i. 192 
Raspberry seed oil, ii. 147 
Rattlesnake fat, ii. 678 
Ravison oil, ii. 241* 

Ray liver oil, ii. (table facing page 417) 
Recovered black oil* iii. 427 
groaso, iii. 432 | 

groase, analysis or, i. 048 
Rod clover oil, ii. 157 ^ablo facing 
page 404) 

Red currant seed oil, ii. 148 
Red oil, iii. 217 • 

Refinod fish tallow, ii. 4115, fofltnoto 
Refining oil, fats, ancLwaxes, ii. 80 
Refractive imlicos of fats, i. 839 
ffldicos ofrfatty acids, i. 121, 508 % 
indices of oils, i. 339 
power of fats, i. 326 ^ 

Refractometer, i. 396 • 

Abbe’s, i A 327 


I Refractometer, Pulfrich’s, i. 330 
| Zeiss’s, i. 328 

Rofractomotric examination of butter, 

I ii. 817 

| examination of oils, i. 332 
Roichert value, i. 416 
Reichert-Meissl value, i. 416 
values of oils, fats, and waxes, i. 423 
Roiehert-Wollny value, i. 419 
Reichert’s distillation process, i. 417 
Roindeer fat, ii. (table facing page 862) 
Reindeer’s milk fat, ii. 807 
Romolted soajjs, iii. 329 
Renard’s test for araehis oil, ii. 310 
j “ Rendering ” oils and fats, ii. 2 
I Reniala oil, ii. 51 1 
j Renovated bolter, ii. 798 
Residues from distillation of glycerin, 
iii. 379 

Rhimba wax, ii. 886 
Rico oil, ii. 321 ; iii. 450 
Rich tori')], iii. 356 
Ricine, ii. 394 
Ricinelai'die acid, i. 220 
Ricinelaido-sulphuric acid, i. 220 
Ricinic acid, i. 220 

I Ricinoloic acid, i. 213 ; iii. 97 footnote, 
! 287 

Rieinolcin, i. 30 

Ricinoleo-sulphuric acid, i. 217 ; iii. 200 
Ricinostearoxylic acid, i. 237 
j Ricinstearolie acid, i. 236 
i Roobuek fat, ii. (table facing page 862) 
! Roghan, ii. 108 
1 Rosin, i. 615 

bromine absorption, i. 620 
detection of, i. 624 
determination of, i. 625, 630 
greases, iii. 92 
iodino absorption, i. 619 
oil in lubricating oils, iii. 79 
oils, i. 609 ; iii. 79 
separation from fatty acids, i. 630 
soaps, i. 623; iii. 300, 323 
spirit, i. 609 
Rosinates, i. 623 
Rotatory power, i. 343, 509 
Rubber seed oil, ii. 129 ; iii. 447 
substitutes, iii. 190 
Rubsen oil, ii. 243 
Rump gland wax, ii. 9^8 
Rye seed oil, ii. (table facing page 238) 

Sabinic acid, i. 69, 211 
Sabromine, iii. 286 
Saccharine in butter, ii. 791 
Saehuca bean, ii. Ill 
Safflower oil, ii. 104 
oil, polymerised, iii. 128 
Saffron in butter, ii. 794 
oil, ii. 104 

Saith oil, ii. (table facing page 423) 
Salad oils, ii. 345 ; iii. 20 
Salicylic acid in butter, ii. 791 
Salmon oil, ii. 419 ' 

Saltpetre in butter, ii. 789 
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Salts of fatty acids, i.. 123 
Salvos, iii. 297, 395, 430 
Sanufna butter, ii. 580 
Samaun oil, ii. 490 
Sampling of fats, i. 280 
of soap, iii. 343 
Sanctuary oil, iii. 00 
Sanguinolla oil, ii. 294 
“ Sano ” seed oil, ii. 154 
Saponaphtha, iii. 341 
Saponification, i. 70 
aqueous, iii. 204 
equivalent, i. 381 
glycerin, iii. 359 
lime, iii. 208 
oleine, iii. 97, 288 
stoarino, iii. 219 
technical, iii. 203 

technical, hy means of acids, i. 79 ; 
iii. 225 

technical, by means of lime, i. 97 ; 
iii. 208 

technical, by means of Twitchcll’s re- 
agent, i. 80 ; iii. 2 47 
technical, by means of water, iii. 204 
value, i. 379 

values of fatty oils, i. 380 
values of glycerides, i. 383 
values of mixtures of cholesteryl 
acetate and parallin wax, i. 591 
values of solid fats, i. 390 
values of waxes, i. 391 
Saponified oleine, iii. 97, 288 
stearino, iii. 219 
Saponin, ii. 323 
Sapucaia nuts, ii. 380 
Sarawak tallow, ii. 001 
Sardel oil, ii. (fable facing page 423) 
Sardine oil, ii. 418 
Sarepta mustard, ii. 204 
Sarson seed, ii 204, footnote 
Sasanqua oil, ii. 327 
Sativie acid, i. 232 
Saturated acids, i. 150 
acids, determination of, i. 552 
acids, examination of, i. 552 
separation from unsaturated, i. 538 
Sawarri fat, ii. 555 
Scale. Sac Parallin scale 
Scarlet runner bean oil, ii. (tablo facing 
page 238) 

Schmel/.maruMi'iiic, iii. 25 
Scrim oil, in. I Mi 
process, iii. 180 
S6 tree, ii. 524 
Soa kale oil, ii. 270 
Sea lion oil, ii. 453 

Soup liver oil, ii. (tablo facing page 447) 
Seal oil, ii. 448 
oil, blown, iii. 170 
oil, d^gras, iii. 416 
Seaweed wax, ii. 875 ; iii. 281 
Sebacic acid, i. 237 
Secale oil, ii. 381 
Secunda jus, iii. 27 
premier jus, iii. 27 


Sodgo oil, ii. 797 (tablo facing page 404) 
Soods, oleaginous, ii. 5 
Seek oil, iii. 427 
Scoffcjlilick, iii. 281 
Sehu oil, ii. 467 
Selenious acid, i. 146 
Semi-drying oils, i. 4 ; ii. 155 
Sonat seed oil, ii. 104 
Senega root oil, ii. 375 
Separation of saturated from unsatur- 
ated acids, i. 538 

and determination of individual solid 
fatty acids, i. 552 
Service berry oil, ii. 138 
Sosam6 oil, ii. 208, 720 
oil fatty acids, i. 570 
Sesamiu, n. 219 
Sesamol, ii. 222 
Sewage fats, iii. 429 
Shark liver oil (Arctic and Japan), ii. 
440 (table facing page 447) 
liver oil dtfgras, iii. 410 
ray liver oil, ii. (table facing page 417) 
Sharp oil, iii. 120 
Shea butter, ii. 524 
gutla, ii. 529 
nut oil, ii. 527 
Sheep’s foot oil, ii. ISO 
milk fat, ii. 807 
Shellac wax, ii. 880 
Ship’s fat, iii. 400 
grease, iii. 400 

Ships’ bottoms paint, iii. 357 
Siak tallow, ii. 001 

Sierra Leone butter, ii. (table facing 
page 007) 

Signal oils, iii. 00 
Silicato in soaps, iii. 350 
Silk cotton tree, ii. 170 
Silvor butyrate, i. 1 52 
margarate, i. 102 
melissate, i. 171 
nitrate test, ii. 205 
oleate, i. 187 
palmitate, i. 100 
salts, i. 142 
stearate, i. 105 
Sinapol, ii. 204 
Sinigrin, ii. 239 
Sioer seeds, ii. 004 * 

Sitosterol, i. 274 
esters of, i, 277 • 

Sitosteryl acetate, i^277 
benzoate, i. 277 
butyrate, *277 
formate, i. 277 
propionate, i. 277 
Skate liver oil, ii. 440 
Skin grease, jilt 408 « 

Skunk fat, ii. (table facing page 862) 
Slaughter-house gioases, ii^ 406 * 

Small fennel oil, ii. (table facing pwge 
238) 

Soap, arlultoratod, iii. 328 ' 

alcohol in, determination of, iii. 353 
alkali in, determination of, iii. 346 
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Soap, analyses of, 342 
benzine, iii. 340 
bleaching of, iii. 325 
blue mottled, iii. 320 footnote, 327 
carbolic, iii. 352 

carbolic acid in, determination of, iii. 
352 

chlorides in, determination of, iii. 350 
chlorinated, iii. 337 
cold, iii. 302 

colouring matters in, iii. 351 
cooling machines, iii. 308 
curd, iii. 301 

dextrin in, determination of, iii. 351 

disinfecting, iii. 337 

dry, iii. 337 

dry-cleaning, iii. 310 

emulsions, iii. 340 

Eschweg, iii. 327 

ethereal oils in, iii. 351 

fatty matter, examination of, iii. 348 

tigged, iii. 310 

tilled, iii. 328, 335 

fitted, iii. 328 

Hake, iii. 337, footnote 

floating, iii. 337 

formaldehydo in, determination of, 
iii. 353 

gelatin in, determination of, iii. 351 
genuine, iii. 320 

glycerol in, determination of, iii. 351 
grey mottled, iii. 328 
hard, i. 135 ; iii. 301 
hot, iii. 303 
hydrolysis of, i. 120 
insoluble, iii. 350 
liquid, iii. 334, 340 
marbled, iii. 327 
marine, ii. 005 ; iii. 302, 337 
Marseilles, iii. 327 
medicated, iii. 330, 337, 341 
metallic, i. Ml ; iii. 350 
milled, iii. 330 
mottled, iii. 320 
naphthenic, iii. 341 
neutral fat in, determination of, iii. 
34!) 

organic substances in, determination 
of, iii. 351 
petroleum, iii. 341 
potash, i. 135 ; iii. 331 
powders, iii. 337 • 
pumice, iii. 340 i 
red mottled, iii. 328 
rcmeltod, iii. 32!) 
rosin, i. 023 ; iii. 300, 323 
rosin acids in, determination of, iii. 

349 • 

rwi, iii. 337 ' 

ampling of, iii. 343* 
and, iii. 3J7, 340 9 
souring, fii. 337 
semi-boiled, iii. 328 
settled, iii. 320 
shaving, iii. 330 * 
silver, iii. # 334, 330 


l Soap, silversmiths’, iii. 330 
soda, i. 135 ; iii. 301 
| soft, i. 135; iii. 331 
■ sugar in, determination of, iii. 351 
sulphates in, determination of, iii. 

I 350 

| superfatted, iii. 349 

i textile, iji. 338 

! toilet, iii. 330, 370 

j transparent, iii. 330 

tree oil, ii. (table facing page 404) 
unsaponiliablc matter in, determina- 
tion of, iii. 349 

water in, determination of, iii. 348 
water-insoluble, iii. 350 
waterproofing, iii. 357 
water-soluble, iii. 299 
water-soluble substances in, deter- 
mination of, iii. 350 
Soap-making by boiling process, iii. 303 
by cold process, iii. 302 
by double decomposit ion, iii. 323 t 
from fatty acids, iii. 318 
by hot process, iii. 303 
Soaps, i. 123 

ammonium, i. 123, 139; iii. 325 
Soaps! nek, iii. 401 
American, iii. 402 
commercial varieties of, iii. 330 
fat ty acids, iii. 290, 318 
Sod oil, iii. 413 
Sodium bistearate, i. 120 
oleate, i. 180 
pal mi talc, i. 100 
riciuoleate, i. 21!) 
stearate, i. 105 
Softening, iii. 339 
Soja bean oil, ii. Ill 
Sojasterol. >S'ee Soya, sterol 
Solid acids, separation from liquid, iii. 
210 

fats, ii. 490 
linseed oil, iii. 182 
lubricants, iii. 05, 91 
i oleic aeid, i. 190 
j saturated acids, i. 555 
] unsa] tonified substances, i. 000 

! waxes, ii. 874 
Solidified oils, iii. 91 
Solidifying points, determination of, 
i. 315,325 

points of fats and waxes, i. 315 
points of fatty acids, 1 15 
points of fatty acids from fats and 
waxes, i. 500 

points of mixed fatty acids, i. 500 
j points of oils, i. 325 
j Solids-not-f.it iq butter, ii. 787 
j Solubility of fatty acids, i. 121, 509 
1 of hydrocarbons in dimethyl sulphate, 
i. 012 

! of oils and fats, i. 303 
J of solid fats, i. 371 
J Soluble castor oil, iii. 109 
i ' fatty acids, i. 532 ' 

I neoline, iii. 100 
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Soluble volatilo fatty «acids, i. 532 
Solvents, volatile, ii. 20 
Sorghum oil, ii. 237 
Soudan coffeo, ii. 497 
Soxhlet’s extractor, i. 285 
Soyasterol, i. 275 ; ii. 117 
Soy-bean oil, ii. Ill 
Specific gravities of fats and waxes, i. 
310 

gravities of fatty acids, i. 114 
gravities of oils, i. 310 
gravity, determination of, i. 299 
temperature reaction, i. 485 
Spectroscopic examination, i. 346 
Sperm candles, iii. 396 
oil, ii. 803 
oil, blown, iii. 176 
Spermacoti, ii. 928 
candles, ii. 396 

Spico bush seed oil, ii. (tablo facing page 
404) 

Spyidletreo oil, ii. 226 (table facing page 
238) 

Spontaneous combustion, iii. 98, 356 
Spoonwort oil, ii. 276 
Sprat oil, ii. (table facing pago 423) 
Sprungwachs, iii. 272 
Squotoaguo oil, ii. (tablo facing pago 
447) 

Staff trCo oil, ii. 337 

Stag fat, ii. 861 

Standolo, iii. 122 

Standutin, iii. 109 

Starch, detection of, i. 283 

Starling fat, ii. (table facing page 862) 

Staudtia kamcrunensis fat, ii. 571 

Stauffer’s lubricants, iii. 94 * 

Steapsin, i. 73 

saponification by means of, i. 94 
Stearamid, iii. 297 
Stearate, amyl, i. 27 
glyceryl, i. 5 
Stoarates, i. 165 
Stearic acid, i. 162 
acid, commercial, iii. 204 
acid, determination of, i. 556 
acid, separation from oleic acid, i. 543 
Stoarin, i. 27 
Stoarino, iii. 204 
black greaso, f iii. 252 
candles, iii. 204, 251 
cocoa nut, ii. 639 
cotton seed, ii. 196 
distilled, iii. 229, 251 
distilled grease, ii. 772 ; iii. 438 
fish, ii. 428, 448 ; iii. 41 1 
from cotton seed foots, iii. 405 
lard, ii. 741 

mixed, and mineral wax candlos, iii. 
252 

palm nut, ii. 621 
pitch, iii. 249 
whale, ii. 456 

Stearo-chlorohydrin, i. 260 
Stoarodilhurin, i. 33 
Stearodipalmitin, i. 35 


Stearolactono, i. 226 
determination of, i. 521 
in candle material, iii. 240 
Stearo-lauro-myristin, i. 34 
Stoarolic acid, i. 235 
Stearolic di-iodide, i. 235 
Stoarolino, i. 29 
Stearo-myristin, i. 17 
Stearo-myristo-chlorohydrin, i. i . 
Stearo-myristo-laurin, i. 34 
Stearopalmitoolein, i. 36 
Store ulia oil, ii. 377 
oil, polymorised, iii. 130 
kernels, ii. 377 
Sterols, i. 263, 585 

Stickloback oil, ii. (tablo facing pago 423) 
| Stigraastorol, i. 278 
Stigmasteryl acetate, i. 278 
[benzoate, i. 279 
propionate, i. 278 
Still residues, iii. 379 
returns, iii. 223 
Stillingia oil, ii. 89 
Strawberry seed oil, ii. 147 
Strontium stearate, i. 165 
Strophantus seed oil, ii. 375 
Stuffing greases, iii. 423 
Sturgeon oil, ii. (tablo facing pago 423) 
Suari nuts, ii. 555 
Suberic acid, i. 237 
Sudfett, iii. 426 
Suot, ii. 756 ; iii. 24 
substitutes, iii. 24 
Suffct-til, ii. 208 

Sugar-cane wax, ii. 874 ; iii. 395 
Sugar in soaps, iii. 351 
Sulphate turpentine oil, iii. 158 
Sulphates, i. 138 
Sulphocarbon oils, ii. 346 
Sulphohydroxystoarie acid, iii. 235 
Sulpholeates, iii. 198 
Sulphonatod oils, iii. 195 
Sulphur, action on fats, i. 61 
chlorido in examination of lard, ii. 723 
chloride test, i. 463 
chloride thermal test, i. 488 
detection of, in fats, i. 292 
determination of, in fats, i. 293 
Sulphur olivo oil, ii. 346, 358 
Sulphuric acid, action on fats, i. 62 
acid colour test, i. 494 
acid Maumenc test, i. 478 
acid saponification, i. 83 ; iii. 225 
esters of glycerol, i. 255 
Sulphurised* c atty acids, iii. 296 
oils and fats, iii. 120 
Sunfish oil, ii. (tablo facing pago 423) 
Sunflower oil, ii. 135 
Suntei Mlowf ii. 574 
Superoxidisod oih iii. 190 
Surahwa nuts, ii. 555 
fyirin fat, ii. 574 
Susu oil, ii. 467 
Susza cakes, ii. 43 
Swallow- wort oil, fi. 155 
Sweet oils, iii. 20 
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Sylvie acid, i. 621 
Synthetical fats, iii. 1 

Tabu-no-ki tree, ii. 517 
Taoamahac fat, ii. 309 
Tallow, ii. 755 
balarn, ii. 574 
bay berry, ii. 650 
beef, ii. 755, 764 
Borneo, ii. 600 
Chinese vegetable, ii. 592 
fish, ii. 448 
goat’s, ii. 772 
Japan, ii. 650 

labreu, ii. (table facing page 667) 

mafura, ii. 555 

Malabar, ii. ^77 

mutton, ii. 755, 773 

njatuo, ii. 574 

piney, ii. 577 k 

Pontianak, ii. 601 

rambutan, ii. 577 

Sarawak, ii. 601 

Siak, ii. 601 

suntei, ii. 574 

undung, ii. (table facing pago 667) 
veal, .see Veal tallow, i. 370 
vegetable, ii. 592 
whale, ii. 456 
Tallow caudles, iii. 250 
oil, ii. 764 
seed oil, ii. 89 
titer, ii. 771 

Tamarind oil, ii. (table facing page 238) 
Tang kal lah fat, ii. 661 
Tangkallak fat, ii. 661 
Tangkawang fat, ii. 600 
Tankage, iii. 406 
Tanked oil, ii. 58 
Tannoon seeds, ii. 155 
Tar oils, i. 010 ; iii. 82 
separation of, from mineral oils, iii. 82 
Tarelaidic acid, i. 190 
Tariric acid, i. 202 
Taste of fats, i. 602 
Tea seed oil, ii. 323 
Teel oil, ii. 208 
Teglam fat, ii. 603 
Telfairic acid, i. 200 * 

Temperature reaction, i. 485 
Terebene, iii. 136 * 

Terminalia oil, i. 388 ; iii, 451 
Terrestrial animal fiils, ii. 473 
Tetrahydrotystea^c acid, i. 232 
Textile soaps, iii. 338 
Thapsic acid, i. 69 
Theobroinic acid, i. 113 ; ii. 585 
Theory of drying oils, iii. 178 
•Therapic acid, i. flO q 
T hefmal tests, i. 478 • 

. fcists with bromine, % 490 
t^Lts withfeulphuric acid, i, 478 
tests witn sulphur chloride, i. 488® 
Therme^eometer, i. 483 
Thermo-regulator, i. 288 
Thermostat, i. 332, *333 


i Thickened oils, iii. 169 
i Thiothio fat, ii. 614 
Thiozonidcs, i. 61 ; iii. 192 
| Thistle seed oils, ii. 110 . 

| Thome cacao butter, ii. 586 
i Thou oil, ii. (table facing page 238) 
i Thorn apple seed oil, ii. 176 
Tiger fat, ii. (table facing pago 862) 
Tiglic acid, i. 176 
Tigliecrie acid, i. 227 
Tillie seed, ii. 208 
Tin, detection of, in fats, i. 290 
Ting-yu, ii. 593 
Titer test, i. 500 
test of mixed fatty acids, i. 506 
Titration number of insolublo fatty 
acids, i. 424 

Toadstool oil, ii. (table facing pago 404) 
Tobacco seed oil, ii. (table facing page 
238) 

Toi oil, ii. 83 footnote 
Toluididos of fatty acids, i. 147 
Tomato seed oil, ii. 172 
Tonka butter, ii. 649 
Torpedo shark oil, ii. (table facing pago 
447) 

Touloucouna oil, ii. 502 
Toiunanfc oil, ii. 346 
To vote greases, iii. 94 
Train oil, ii. 454 
Triacetin, i. 23 
Triacetyldiglyeorol, iii. 3 
Triaraehin, i. 27 
Tribehenolin, i. 29 
j Tribrassidin, i. 29 
; Tribromo-triiodu-stoario acid, i. 208 
1 Tributyrin, i. 24 
; Tricaprin, i. 25 
j Tricaproln, i. 25 
! Trieaprylin, i. 25 
“ Tricarbin,” i. 255 
| Trieerotin, i. 28 
; TriehloroetJiylen, ii. 24 
Trichloro-iodo-behenolin, i. 29 
‘ Trichloro-triiodo-stoaric acid, i. 208 
Trielaidin, i. 29 
. Trierucin, i. 29 
j Triformin, i. 23 
Triglycerides, i. 17 
mixed, i. 30 
simple, i. 23 « 

Trihcptadocylin, i. 27 
Trihydroxylatcd acids, i. 231 
Trihydroxy stearic acid, i. 231 
j Trilaurin, i. .25 
| Trimelissin, i. 28 
Trimoth vlamine, ii. 436 
j Trimethyleneglycol, ii. 755 ; iii. 361,376 
I Tfimyristin, i. 26 
j Triolein, i. 28 
I Triolein ozonide, i. 28 
' Tripalmitin, i. 26 
j Tripotrosolinin, i. 29 
Triricinelaidin, i. 30 
Triricinolein, i. 30 
Tristearin, i. 27 



Tristearolin, i. 29 
Trivalerin, i. 24 
Tropnolum oil, ii. 380 
Trout liver oil, ii. (table facing pago 447) 
Ts6-t-i6ou, ii. 593 
Tsi-la wax, ii. 650 
Tsubaki oil, ii. 326 
Tuborculosis bacilli wax, ii. 934 
Tucum oil, ii. 532 
Tung oil, ii. 72 
fatty acids, iii. 136, 287 
oil, polymerised, iii. 126 
Tungoxyn, ii. 77 

Tunny fish liver oil, ii. (table facing page 
447) 

Tunny fish oil, ii. (table facing page 423) 
Turbidity temperature, i. 365 
Turkey fat, ii. (table facing page 862) 
Turkey-red oil, i. 215 
oils, iii. 195 

oils, detection of iron in, i. 292 
Turkish clover oil, ii. (table facing pago 
vt04) 

Turmeric in butter, ii. 794 
Turpentine oil, iii. 149 
oxidation of, iii. 178 
Turtle oil, ii. 463 
Twitchell’s reagent, i. 80 
process of saponification, iii. 247 

Ucuhuba fat, ii. 568 

Udika tree, ii. 659 

Udilo oil, ii. 369 

Umbellulie acid,- i. 154 

Undung tallow, ii. (table facing page 667) 

Ung oil, ii. 499 

IJngnadia oil, ii. (table facing page 404) 
Ungueko oil, ii. 154 
Unknown fatty acids, i. 583 
Unsaponifiable, definition of, i. 155 
determination of, i. 456 
examination of, i. 584, 667 
in fats, i. 41, 581 
in waxes, i. 107, 600 
substances, liquid, i. 608 
substances, solid, i. 600 
Upastree, ii. 886 
Urucaba fat, ii. 568 
Urukuri nuts, ii. 612 
Uviol light, ii. 33: iii. 133 
oil, ii. 33 ; iii 133 

Valonta’s test for rosin oils, iii. 81 
tost for fatty oils, i. 367 
Valeric acid, i. 152 
Valeri n, i. 21 

Valuation and analysis of soap, iii. 342 
Variables, i. 437 
Varnishes, iii. I ll 
lithographic, iii. 122 
oil, iii. 144 
wax, ii. 879 
Vaseline bricks, iii. 91 
Veal tallow, i. 370 
Veepa oil. ii. 513 
“ Vegaline,” iii. 49 


Vegetable butter, ii. 638 ; iii. 48 
fats, i. 5 ; ii. 490 
fats, detection of, i. 642 
oils, i. 4, 42 

oils, detection of, i. 642 
oils, distinction between, and animal 
oils, i. 585 
tallow, ii. 592 
waxes, ii. 874 
Vcllai-kungiliani, ii. 577 
Veppam fat, ii. 513 
Vetch oil, ii. (table facing pago 238) 
Virola fat, ii. 571 
Viscosimeters, i. 350 
Viscosiinotric examination, i. 348 
Viscosity, i. 348 
of fatty acids, i. 122 
of lubricating oils, iii. 66 
“ Vitello,” iii. 32, footnote 
Volatile fatty acids, i. 529 
fatty .acids, insoluble, i. 534 
fatty acids, soluble, i. 532 
fatty acids, examination of, i. 531, 
659 

Volatility test, iii. 88 
Volenite, iii. 194 
Vulcanised oils, iii. 190 

Wallflower seed oil, ii. 145 
Walnut oil, ii. 99 ; iii. 446 
Washing powders, iii. 337 
Waste fats, iii. 401, 406 
greases from leather, iii. 426 
oils, iii. 401 
waxes, iii. 432 
Water cress oil, ii. 276 
estimation in fats, i. 281 
in butter, ii. 783 
insoluble soaps, i. 140 ; iii. 356 
melon seed oil, ii. 163 
pepper oil, iii. 452 
proofing materials, iii. 249, 286, 376 
proofing soaps, iii. 357 
soluble soaps, iii. 299 
Wax candles, iii. 396 
definition of, i. 2 
emulsions, iii. 399 
oil, ii. 125 
polishes, iii. 398 
Wax, Afridi, ii. 108 
animal, ii. 889 
arjim, ii. QA6, footnote 
Axin, ii. 931) 
balanophore, ii. 8‘d 
bees, i. 651 ; ii. 896 
humble bd-e, ii. 936 
Jlurmcso black, ii. 916 
can del ilia, ii. 879 
cane sugar, ii. 887 ' 
carnaitba, it. 875 
ceroplastes cmUerus, ii. 936 
ceroplastes ru belts, ii. 9C6 
"Chinese, ii. 931 ^ 

chlorophyll, ii. 874 
cicade, ii. 936 
Cochin China, ii. 664 
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Wax, cochineal, ii. 936 
coffee berry, ii. 886 
cotton seed, ii. 883 
curcas, ii. 886 
esparto, ii. 874 
flax, ii. 882 
getah, ii. 884 
Ghedda, ii. 907, 916 
gondang, ii. 884 
insect, ii. 931 
Japan, ii. 650 
jasmin flower, ii. 886 
laurel, ii. 656 
lignite, ii. 875 ; iii. 278 
Madagascar Khiinba, ii. 885 
mar bio, iii. 268 
montan, ii. 875 ; iii. 278 
myrtle, ii. 656 
ocotilla, ii. 886 
ocuba, ii. 571 
opium, ii. 874 
otoba, ii. 571 
palm, ii. 885 
paraffin, iii. 252 
peat, ii. 875 ; iii. 282 
pisang, ii. 884 
psvlla, ii. 934 
Kaphia, ii. 882 
rhimbft, ii. 886 
rump gland, ii. 928 
sea-weed, ii. 875 ; iii. 281 
shellac, ii. 886 
sugar cano, ii. 874 
tuberculosis bacilli, ii. 934 
varnishes, ii. 879 ; iii. 399 
“ vestas,” iii. 398 
wool, ii. 889 ; iii. 436 
Waxes, animal, ii. 889 
chemical constitution of, i. 64 
commercial preparation of, ii. 29 
liquid, ii. 862 ; iii. 63 
mineral, iii. 252 
properties of, i. 67 
saponification of, i. 106 
saponification valuo of, i. 385 
solid, ii. 874 
sugar cano, ii. 874 
technology of, iii. 394 
vegetable, ii. 874 
waste, iii. 432 * 

Weathor oils, iii. 60 
Weld seed oil, ii. ft>3 
“ Westruinite,” iii/ 109 
Whale bone oil, ii. 456 
grease, iii. 411 
guano, ii. 457 
oil, ii. 454 


Whale oil degras/iii. 416 
stoarinc, ii. 456 
tallow, ii. 456 
Wheat oil, ii. 174 
meal oil, ii. 290 
White acacia oil, ii. 91 
clover oil, ii. 157 (table facing pago 
404) . 

dammar of South India, ii. 577 
lupin oil, ii. (table facing page 404) 
melilot oil, ii. (table facing pago 404) 
mustard seed oil, ii. 268 
rubber substitutes, iii. 190 
sting ray, ii. (table facing pago 447) 
Whiting oil, ii. (tablo facing pago 423) 
liver oil, ii. (tablo facing page 447) 
Wicks, candle, iii. 283 
Wild boar fat, ii. 695 
cat fat-, ii. (table facing page 862) 
duck fat-, ii. 671 
goose fat-, ii. 684 
mango oil, ii. 659 » 

olivo fat, ii. (tablo facing pago 667) 
rabbit fat, ii. 681 
Winter oil, iii. 21 
cress oil, ii. 276 
oils, ii. 37 
Woad oil, ii. 276 
Wood turpentine, iii. 151 
Wool fat, iii. 432 
fat pitch, iii. 444 
grease, ii. 889 ; iii. 432 
wax, ii. 889 ; iii. 436 
wax, analysis of, i. 647 
wax fatty acids, iii. 438 
Wool grease in soaps, iii. 349 
oils, iii. 96 
wax, i. 647 ; ii. 889 
Wound wort oil, ii. (tablo facing pago 
404) 

“ Yel,” ii. 572 
Yellow acacia oil, ii. 137 
clover oil, ii. (tablo facing page 404) 
lupin oil, ii. (table facing page 404) 
Yorkshire grease, iii. 434 

Zachun oil, ii. 230 
Zawa oil, ii. 513 , 

Zinc, detection of, in fats, i. 290 
Zinc chloride, action on castor oil, iii.' 130 
chloride, action on oleic acid, iii. 233 
dust, i. 144 
margarate, i. 162 
Zinc superoxido, iii. 354 
I Zoosterol, i. 4, 264 


THE END 
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